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DESIGN OF TRAINING SYSTEMS

PHASE II REPORT

ABSTRACT

This report consists of three volumes: Volume I presents an
overview of the activities that comprised the design and
development effort for the three Design of Training Systems
computer-based models, a description of the validation process,
and the long-range implications of the development of an opera-
tional system of DOTS models.

Volume II presents a detailed description of the System Capa-
bilities/Requirements and Resources model, the Educational
Technology Evaluation model, add the Training Process Flow
model. Model logic design, input/output parameters, and data
base communications are discussed at a level which allows an
analytical evaluation of each model's design. In addition,
Level I validation scenarios are presented in sufficient
detail to allow their duplication if desired.

Volume III contains the model and data base program descrip-
tions and operating procedures. Flow charts and program
listings for the models, interface programs, and the data
base applications programs are presented in appropriate
sections.

The results of Phase II indicate that the selected modeling
applications are feasible. The models' validation demon-
strated response to realistic system variable parameters.
It was concluded that the system of DOTS models is imple-
mentable and will indeed represent a significant training
cost savings.

The DOTS Phase II design and development tasks were performed
by IBM Corporation for the Training Analysis and Evaluation
Group, Orlando, Florida (Contract No. N61339-73-C-0097).

Reproduction of this publication
in whole or in part is permitted
for any purpose of the United
States Government.
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SECTION I

INTRODUCTION
wow

PURPOSE

Volume II presents a detailed description of the DOTS system. The

term system is used because the models and the data base form an interacting

and interdependent group of functional training management tools. It is the

intent of Volume II to give the analyst sufficient information to allow a
thorough understanding of the three DOTS models, to delineate the data re-
quirements and data base communication, and to explain the logic design and

the validation of that design during Phase II.

ORGANIZATION OF THIS VOLUME

Volume II is organized into sections for each model in the nOTS system;
i.e., the System Capabilities/Requirements and Resources model, the Educa-

tional Technology Evaluation model, and the Training Process Flow model.
Each model section follows the same format to allow the reader to make

comparisons of similar aspects among the three models. Phase II validation

scenarios are presented as an integral part of each model discussion. The

proposed Phase III scenarios are presented separately.

I-1
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SECTION II

SYSTEM CAPABILITIES/REQUIREMENTS AND RESOURCES MODEL

MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

FUNCTIONAL SPECIFICATIONS. The objective of the System Capabilities/Require-
ments and Resources (SCRR) model is to provide Navy training complex officials
with sufficient physical resource information (i.e., courses, instructors,
classrooms, laboratories) and related analyses to:

a. Assess the feasibility of meeting annual training requirements at the
training complex level.

b. Evaluate alternative plans for meeting both short and long-term train-
ing requirements.

c. Assess the utilization of existing resources in the daily operation of
the training complex.

The SCRR model will perform the data analyses required to fulfill these objectives
through the solution and subsequent sensitivity analysis of the following linear
programming problem.

Determine the maximum student throughput based on an optimal mix of
course convenings which a training complex can achieve in a specified
period of time, subject to either existing or projected physical re-
source constraints.

Specifically, a training complex official will be able to use the SCRR model to
analyze the projected impact of modifications to training demand or resource
availability on student throughput, course convenings, and resource utilization.
The following are presented as examples of modifications which the SCRR model
will evaluate.

a. Courses can be added to or deleted from the training complex schedule.

b. Course lengths can be increased or decreased.

c. Course convening frequencies can be altered.

d. Normal course capacities can be increased or decreased.

e. Student/instructor ratios can be modified.

f. Instructors can be added or deleted.

g. Instructor qualifications can be modified.

h. Instructor availability can be increased or decreased.

i. Classroom and laboratory availabilities can be increased or decreased.

14



BEST

011111

FATA BASE

DESIGN OF
TRAINING
SYSTEMS (DOTS)
DATA BASE

TAEG REPORT NO. 12-2

0111111111111 amomp imosnie osimorm

Irm1110111

MODIFY DOTS
DATA BASE TO
REPRESENT ALT.
SYSTEM TO BE
ANALYZED 1SCRR
DATA BASE)

VIONISHO L

FORMULATE LP
IP OBJECTIVE FUNC-

TION AND CON
pip STRAINT EWA.

TIONS

OHNOMOO 061111111111111116 011111000110

111111111110

REFORMULATE TRAIN-
ING RESOURCE PROBLEM
INCORPORATING SENSI-
TIVITY ANALYSIS
RESULTS

LIISER ANALYSIS

DATA FROM TRAIN.
ING PROCESS FLOW
& EDUCATION TECH.
NOLOGY EVALUA-
TION MODELS

NO INDICATED
SOLUTION BE

IMPLEMENTED?

OILIONNO awataillt 1111111111IMP 1111111111111 0.1.1111111 11111,

COMPUTE LINEAR
PROGRAMMING
SOLUTION

PERFORM POST-
OPTIMAL SENSI-
TIVITY ANALYSIS

FIGURE II-1 SCRR MODEL FUNCTIONAL FLOW

FORMAT OPTIMAL
f

SOLUTION & SEN-
SITIVITY ANAL!.
SW OUTPUT



TAEG REPORT NO. 12-2

In addition to optimizing student throughput, the SCRR model can also he used

to calculate the quantity and mix of resoumes required to achieve a user-

specified student throughput. The model user can specify student throughput

by establishing the model parameter for number of course convenings as a fixed

value equal to the current number of convenings.

The SCRR model can be run for an individual school (when teaching assignments

do not cross school lines), for groups of schools, or for the total training

complex.

SCRR MODEL DESCRIPTION. Figure II-1 depicts the SCRR model functional flow.

The components of the functional flow can be divided into three distinct

categories:

a. Data Base

b. SCRR Model

c. User Analysis.

The SCRR model will accept input data from two sources - the DOTS data base and

the SCRR data base. The SCRR data base is a temporary copy of the DOTS data

base which the model user can alter to represent projected training require-

ment/resource relationships, or to answer "what if" questions without destroying

the data stored in the DOTS data base. Although the data base is not an

integral part of the SCRR model, model operation is dependent upon the data base.

The four primary components of the SCRR model are:

a. Formulate LP objective function and constraint equations.

b. Compute linear programming solution.

c. Perform post-optimal sensitivity analysis.

d. Format optimal solution and sensitivity analysis output.

The remaining functional flow components fall into the user analysis category.

The user must analyze the optimal solution and the sensitivity analyses results

to determine if that solution can be implemented. If not, then he must con-

sider the previous results together with information from other sources, in-

cluding data from the Training Process Flow (TPF) and the Educational Technology

Evaluation (ETE) models, to modify the resource mix, training requirements, or

other model parameters.

Design of TraininLi sterx___ILaTi. The DOTS data base provides a

s ng e data source ror Vie mo e anc significantly reduces the amount of

data that must be entered each time the model is run. All input data required

by the SCRR model, such as course data (length, capacity, convening frequency,

instructor, classroom, lab, and equipment requirements), instructor data

(qualifications, assignments, availability, rotation date), and classroom and

laboratory data (location, capacity, availability, course assignments) are stored

in the DOTS data base. The data base will be updated monthly to ensure that it

11-3
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depicts current training requirements and the resources available to the train-ing complex. This design feature enables the SCRR model user to obtain an
analysis of current resources as applied to current training requirements. Theresource analysis includes instructor, classroom, and laboratory utilization asa percentage of total availability, the total number of convenings of each
course which is feasible at the current resource level, and resource trade-offs
for resources which are applied across two or more courses.

The user must modify the appropriate data base elements (utilizing the temporarySCRR data base) prior to initiating the LP problem formulation module to obtain
an analysis for a resource level other than the current level, or for increased
or decreased training requirements. The specified data base (either DOTS ortemporary SCRR) is directly accessed by the LP problem formulation module. Theformulation module operates on the data base contents, combining and reformatting
elements to create both the objective function and all constraint equations tobe processed by the linear programming module.

A detailed description of the DOTS data base can be found in Volume III, Section
V, of the report.

Modify DOTS. Data Base to Represent Alternative System to be Analyzed (SCRR Data
Base). 1? ihe sole source of data input to the linear programming module were
the current contents of the data base, SCRR model application would be restricted
to analysis of the interaction of only those resources and requirements described
in the data base. To extend the range of application of the model, the optionalmodify data base component (SCRR data base) has been inserted between the data
base module and the LP problem formulation module in the functional flow depicted
in Figure II-1.

Training complex officials have the option of proceeding directly from the DOTS
data base component to the LP problem formulation module, thus generating an
output which describes the utilization and interactions of current resourceelements. However, the training official may elect to modify some or all of the
existing data base, using the temporary SCRR data base, to determine the feasi-
bility of a proposed modification to training demand or resource availability.
Modifications to the data base might be made to:

a. Incorporate data from either the TPF or the ETE models.

b. Incorporate results of previous SCRR model runs.

c. Answer "what if" questions posed by training complex officials,
COMTRALANT, or CNET.

ic._.__._)nar___9idCorFormulateLPObectiveFurstraintE.uations. Linear programming
oTeITTIThlvt)eprhsarthigoutofthe needtoallescate limited resource
among competing activities to meet desired objectives. These problems are
characterized by the large number of solutions that satisfy the basic conditions
of each problem. The selection of a particular solution as the best solution
to a problem depends on some aim or overall objective that is implied in the
statement of the problem. A solution that satisfies both the conditions of
the problem and the given objective is termed an optimum solution. The complete
mathematical statement of'a linear programming problem includes a set of simul-
taneous linear equations or inequalities which represent the conditions of the
problem, and a linear function which expresses the objective of the problem.

I1-4
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The linear programming term "objective function" represents the target of the
linear programming solution. The answer to the problem must satisfy this re-
quirement. The objective function must be clearly stated and expressed as a
linear mathematical function. The stated objective of the SCRR linear pro-
gramming model is to maximize the student throughput which a school or train-
ing complex can achieve in a specified time period subject to existing physical
resource constraints. This objective can be expressed mathematically as:

MAXIMIZE E C.X
J

j =l

which is shorthand notation for saying

"MAXIMIZE C1X1 + C2X2 + C3X3 + + CJXJ".

Where

Xj = number of annual convenings

7 normal capacity of studentsCj

considerations and physical

of course j.

in course j based upon both training
considerations.

The LP problem formulation module constructs the objective function based on
the normal course capacities and reformats the function to satisfy the input
requirements of the LP module.

Several conditions or restraints must be considered in the formulation of the
SCRR linear programming problem.

Course syllabi require a specific amount of classroom instruction time from one
or more instructors for each course convening. However, only a limited group
of instructors is qualified to teach each course. Therefore, the total amount
of time the group of instructors has available for classroom instruction limits
the number of times the course can be convened. The product of the classroom
instruction time and the number of convenings cannot exceed the total amount of
time each group of instructors has available.

Each course syllabus also requires that classroom and/or laboratory space be
available for each convening. The amount of time each facility is available
also represents a limitation to the number of times a course can be convened.
In addition to the constraints imposed by instructors, classrooms, and labo-
ratories, most courses are further restricted in that they must be convened
some minimum number of times to fulfill a minimum training requirement to train

a minimum number of individuals.

These conditions can be mathematically stated as a set of simultaneous inequal-
ities as follows:

(1) J
E aij Xj s TCHi = 1, 2, ... I.

Sm1

11-5
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Where

aij = number of instructff contact hours required by course
syllabus for the in group/category of instructors for
one convening of course j.

TCHi = total contact hours available per year for the ith
group/category of instructors.

(2) J
E bkj Xj S TLAk k = 1, 2, ... K.

= 1

Where

b
kj

number of hours of usage required from
for each convening of course J.

TLAk = total hours per year which 1 aboratory
for use.

(3) J

E dmj Xj g CRAm m= 1, 2, ... M.

=

Where

laboratory type k

type k is available

dmj = number of hours of usage required from the
for one convening of course j.

CRAm = total hours per year the type m classroom
use.

(4) Xj >

Where

type m classroom

is available for

MINi = minimum number of convenings per year for course j to meet
" a minimum training requirement.

The formulation module constructs the entire set of simultaneous inequalities
described above, and reformats the constraints to conform to the input require-
ments of the LP module. The user must supply values for two program control
parameters to initiate the LP formulation module: (1) Dept. - specify the

name of one or more organizational departments (i.e., ASW, SUPPLY, TTM, etc.).

If no departments are listed, all training center departments will be included
in the model run; and (2) Objective - specify either "LO" to determine the
maximum student throughput and maximum convenings for each course possible

with the specified resources, or "FX" to determine the resources required
to achieve a specified throughput or number of course convenings.

II-6
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Compute Linear Pro ramming Solution. The linear programming module accepts
,Formatted nput from t e P pro5T formulation module and calculates either
the maximum student throughput and maximum convenings of each course possible
per year subject to the expressed physical resource constraints, or the
quantity of resources required to attain a specified throughput or convening
schedule. Since many excellent texts which provide detailed methodology for
linear programming computational procedures are available, these procedures
and associated mathematical proofs will not be included in this report. Several
of these books are listed in the bibliography (Volume III, Section VI). A more
extensive linear programming bibliography (nearly 500 bgoks and articles) can
be found in Dantzig's Linear Pro rammin and Extensions'.

An IBM program product, Mathematical Programming System Extended (MPSX)2, is
utilized to perform the linear programming computations. The MPSX lincar
programming procedures use the bounded variable/product form of the inverse/
revised simplex method.

Perform Post-0 timal Sensitivit Anal sis. The purpose of the sensitivity
analys s module s to prov e nformat on concerning the range of operations
in the neighborhood of the optimum solution as calculated by the LP module.
The sensitivity analysis will provide information relative to how changing
instructor, classroom, or laboratory utilization effects the optimal student
throughput, and the range of instructor, classroom, and laboratory utilization
hours for which the solution, as originally stated, remains optimal. The sensi-
tivity analysis will also generate information describing the effect of class
size on the optimal solution as well as the feasible range of annual convenings,
and the effect of changing the number of convenings on the optimal student
throughput. The information obtained from the sensitivity analysis should
prove to be as valuable as the specification of the optimum solution itself.

There are several reasons for performing a sensitivity analysis. Stability of
the optimal solution under changes of parameters may be critical. For example,
using the old optimum solution point, a slight variation in the required number
of convenings or in instructor requirements may result in a large unfavorable
difference in the objective function (student throughput), while a large
variation in either of the parameters in another direction may result in only
a small difference. The training center official may find it desirable to
move away from the optimum solution when variables such as course demand, which
are not considered in the SCRR model, are taken into account.

Instructor, classroom, laboratory requirements and availabilities, minimum con-
vening frequencies, and class capacities are to some extent controllable and it
would be advantageous to know the effects which would result from changing the
values of these parameters. Determination of the range of values for each of
the parameters for which the solution remains optimum will also identify those
parameters to which the optimum solution is extremely sensitive.

Linear Programming and Extensions, by G. B. Dantzig (Princeton University
press, Princeton, N.J., T963).

2
MPSX Linear and Se' arable Pro rammin. Program Descri tion ManOal SH20-0968-1

BM Corporat on, ev se ugust
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Fonnanal Solution and Sensitivit sis
point of view, t e ey component of any mo e is
put represents the primary interface between the
model output is divided into three segments:

a. Requirements Specification Listing

b. LP Optimum Solution and Sensitivity Analysis - Resource Data

c. LP Optimal Solution and Sensitivity Analysis - Course Data.

Requirements Specification Listing. The requirements specification listing de-scribes the necessary interface between the resource data bank and the linear
programming solution. The data for this segment of the SCRR output are generatedby the LP problem formulation module.

The requirements specification listing will list, by name, the individual membersof each instructor group. The annual availability of individual instructors andeach instructor group will be noted. All courses instructed by the instructorgroup will be listed by course number for each instructor group. The contacthour requirement for that instructor group per convening, the current number ofannual convenings, and the normal class capacity will be noted for each course.The listing will also show, by course number, all courses which utilize eachindividual classroom and laboratory facility. The number of hours per con-vening will be listed by course for each of the classrooms and labs.

LP Optimal Solution and Sensitivity Analysis - Resource Data. The LP moduleoutput and the sensitivity analysis module output have been combined into asingle output format for all resource data. Instructor resources are identifiedby instructor group number. Classrooms and laboratories are identified by
building and room number. The resource data output section lists the followingfor each resource:

Out ut. From the operational
the output module. Model out-
model and its user. The SCRR

a. Annual availability.

b. Annual utilization.

c. Hours per year not utilized.

d. Percent utilization.

e. Upper and lower limits of resource utilization hours.

f. Student throughput change per unit resource change.

g. Identification of variable which limits utilization range, and whose
value will change as the resource level is modified.

LP Optimal Solution and Sensitivity Analysis - Course Data. As with the resourcedata, the output from both the LP module and the sensitivity analysis module ispresented in a single report format for course data. Courses are identified by
COP numbers. The course data section lists the following for each course:

a. Maximum number of annual convenings.

II-8
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b. Current number of scheduled convenings.

c. Normal course capacity.

d. Range of annual convenings.

e. Student throughput change per course convening change.

f. Range of course capacities to which indicated solution can be applied.

g. Identification of variable which limits convenings range, and whose
value will change as the convening level is modified.

Can Indicated Solution be Implemented? After the training complex official has
Eilyzed the linear programming67TM solution and the output from thc sensi-
tivity analysis, he is finally in a position to interpret and evaluate the
model results. To successfully interpret the model results, the official must
be familiar with the mathematical formulation of the linear programming problem.
The objective of this familiarization requirement is not to understand the
internal mathematical manipulations required to achieve the linear programming
solution, but to be aware of simplifications and deviations from reality that
were, of necessity, built into the initial linear programming formulations.
Model results must be interpreted taking all assumptions and simplifications
into full consideration.

Assuming that the official either accepts the model results or modifies the
model output, based on his experience and intuitive feeling for the situation
being analyzed, his next task is to evaluate the results in terms of implementa-
tion feasibility. If, because of some physical, monetary, fp political re-
striction, full or partial implementation is not feasible, the problem state-
ment must be reformulated utilizing any new data or insights resulting from the
initial problem solution and sensitivity analysis.

liefottsjininResoinceProblerncorioratin.Sensitivi Ahalnis_Results.
Theen refoitmWAimoqtre,togetherwiththeMdatabase and from
the TPF and ETE models, feeds the data modification module (see Figure II-1). The

reformulation component completes the iterative cycle. Based on SCRR model re-
sults, experience, and intuition, an official has the ability to modify initial
problem statements or to develop new potential alternative solutions to be
evaluated. At this point, the official need only remodify the DOTS data base
to initiate an additional cycle of the iterative process.

Data From Training Process Flow and Education Technolo Evaluation Models.
resu is o the TP any t e E models may suggest mo f cat ons to several

of the SCRR model variables; e.g.:

a. Several courses should be individualized, reducing instructor require-
ments and calling for modifications to classroom and laboratory space
requirements.

b. Student/instructor ratios should be increased for the lab sessions in
several courses to reduce failure rates.

II-9
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c. Convening frequencies should be increased to reduce the wait time
required to attend several courses.

d. Convening frequencies should be reduced for low utilization courses.

The DOTS data base can be modified, using the temporary SCRR data base, to
reflect changes such as those listed, prior to initiating the SCRR model.

INPUT PARAMETERS DESCRIPTION

SCRR model input parameters contained in the DOTS data base are described
below.

COURSE DESCRIPTION (TEN POSITION CHARACTER FIELD - FORMAT = X-XXX-XXXX). Courses
are identified by a seven or eight position alphanumeric designator. A prefix
letter identifies the activity holding curriculum/eligibility control of the
course; i.e., "A" for Bureau of Naval Personnel, "J" for Training Command,
Atlantic, and "K" for Training Command, Pacific. A middle grouping will consist
of a number and a letter or a three digit number. The number and letter in-
dicate an officer skill. The three digit number indicates an enlisted course.
A final grouping is made up of four digits which indicate the course sequence
number.

CDP NUMBER (FOUR POSITION CHARACTER FIELD - FORMAT = XXXX). The CDP number is
a four digit alphanumeric number used by NITRAS as a course identifier. Each
course Is assigned a unique CDP number. All data elements contained in the
training resource data base are keyed to the CDP number.

COURSE LENGTH (THREE POSITION NUMERIC FIELD - FORMAT = XX.X). Course lengths
are stored in weeks. 'One -half day is equivalent to 0.1 week.

CLASS INPUT CAPACITY (THREE POSITION NUMERIC FIELD - FORMAT a XXX). The planned
maximum number of students that can attend any one convening of the course.
Capacities are based upon training considerations such as instructor to student
ratio, availability of training equipment, workshop, laboratories, and mock-up
facilities, as well as physical considerations such as classroom size.

NUMBER OF CONVENINGS PER YEAR (THREE POSITION NUMERIC FIELD - FORMAT = XXX).
The number of times each course is scheduled to convene over the next twelve
months. Course schedules are based on course capacities and projected train-
ing requirements.

STUDENT/INSTRUCTOR RATIO (THREE POSITION NUMERIC FIELD - FORMAT = XX.X). A
numerical index describing the number of trainees per instructor.

CONTACT HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXX.X). The number of
instructional contact hours taught at a given ratio of trainees per instructor.
A contact hour represents sixty minutes of instruction. This refers to clock
hours of curriculum time devoted to actual instruction, exclusive of breaks,
administrative time, lunch, medical, dental, etc.

NUMBER OF INSTRUCTORS (THREE POSITION NUMERIC FIELD - FORMAT a XXX). The
number of instructors required to conduct the class for the indicated number
of instructional contact hours. The number of instructors is determined by
dividing the class capacity by the student/instructor ratio.
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CONTACT HOUR TYPE (ONE POSITION CHARACTER FIELD - FORMAT = X). Contact hours
are classified as either theory/classroom hours or laboratory hours. Theory
hours refer to those hours spent in the presentation of subject matter
primarily utilizing discussion, lecture, demonstration, or programmed instruc-
tion methods of presentation. Laboratory hours include those instructional
hours involving actual or simulated job experience. In addition to laboratory,
this includes shop, line, and field instruction.

INSTRUCTOR NUMBER (THREE POSITION NUMERIC FIELD - FORMAT = XXX). An identifica-
tion number assigned to each instructor to simplify data manipulation.

CURRENT ASSIGNMENT (ONE POSITION CHARACTER FIELD - FORMAT = X). Denotes that
an instructor is currently assigned to a particular course. An instructor may
be assigned to more than one course in situations where course lengths are less
than convening frequency. Thus, an instructor assigned to a one week course
which is convened the first week of every month, could also be assigned to
another one week course which is convened the third week of every month.

INSTRUCTOR AVAILABILITI (FOUR POSITION NUMERIC FIELD - FORMAT = XXXX). The
number of hours per yebr an instructor has available for classroom instruction.
The following activities are excluded from the contact hour availability figure:
supervisory.requirements; military duties; preparation for instruction; duties
related to instruction; annual leave; illness; special training; and break-in
time.

RELATED COURSE NUMBER (FOUR POSITION CHARACTER FIELD - FORMAT = XXXX).
Identifies an additional course(s) which is also instructed by the same in-
structor group. An instructor group is comprised of one or more instructors,
all of whom teach the same course or group of courses. The related course in-
formation is included in the data base to facilitate the formulation of the
linear programming constraint equations.

INSTRUCTOR GROUP (THREE POSITION NUMERIC FIELD - FORMAT = XXX). The instructor
group designator is used to subdivide total course instructor requirements be-
tween two or more instructors or groups of instructors. For example, a one
week course is comprised of four days of classroom lecture and discussion with
an instructor requirement of one, and one day of laboratory work with a requi re-
ment for two instructors. The total contact hour reguirement for this course
would be 36 hours [4 days x 6 hrs/day x 1 instructor] + [1 day x 6 hrs/day x
2 instructors]. Instructor A teaches both classroom and laboratory sections of
the course and, therefore, is associated with thirty of the thirty-six required
contact hours. The remaining six hours are associated with instructor B who
assists with the lab portion of the course. The instructor group designator is
used to subdivide the total thirty-six hour requirement between the two in-
structors. Instructor group one is assigned to instructor A and instructor
group two is assigned to instructor B. All instructors are assigned an in-
structor group number. Each instructor can be a member of only one instructor
group. The group number is used to relate specific instructors or groups of
instructors to specific instructional requirements and to specified related
courses. Assuming instructor A also teaches course X and instructor B also
teaches course Y, both X and Y would be noted as related courses, course X
through instructor group one and course Y through instructor group two. As

with the related course number element, this data element is also included
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primarily to facilitate constraint equation formulation within the computa-
tion module.

CLASSROOM (EIGHT POSITION CHARACTER FIELD - FORMAT = XXXXXEBLOGjXXX[RMj).
Classroom and laboratories are identified by both building and room number.

ROOM TYPE (ONE POSITION CHARACTER FIELD - FORMAT = X). Room type is used to
further describe the available spaces. Type has been divided into three cate-
gories: (1) laboratory usage only - permanently installed equipment (includes
training devices, simulators); (2) lecture usage only; and (3) both classroom
and laboratory.

ROOM CAPACITY (THREE POSITION NUMERIC FIELD - FORMAT = XXX). The capacity
represents the number of students that can be effectively instructed in the
identified space. Room capacities are a function of the number of equipments
installed in the space and/or the number of desks or chairs which can be posi-
tioned in the space. The equipment variable is incorporated into the descrip-
tion of the classrooms and laboratories, and equipment constraints are included,
by definition, in room capacities.

REQUIRED HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXX.X). Required
hours represent the number of hours the indicated space is required to convene
one session of the referenced course.

AVAILABLE HOURS (FIVE POSITION NUMERIC FIELD - FORMAT = XXXXX). The number of
hours, on an annual basis, the space is available for instructional purposes.

DATA ELEMENT SOURCE. Data elements in the DOTS data base which are utilized
by the SCRR model are derived from two primary sources. The following data
elements can be obtained from CNTECHTRA Instructor Computation form 5311-1.

a. Course Identification

b. Course Length

c. Class Input Capacity

d. Convenings Per Year

e. Student/Instructor Ratio

f. Contact Hours

g. Number of Instructors

h. Contact Hour Type.

A completed CNTECHTRA form 5311-1 for each course of instruction at FLETRACEN
NORVA is on file with the center's Director of Training. The remaining data
items, while not systematically maintained and not available from a single
point of contact at the training center, are available from each of the
center's eleven school directors. Training center officials will be respon-
sible for the accuracy of the data base contents.

11-12
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OUTPUT PARAMETERS DESCRIPTION

The SCRR model utilizes a linear programming technique to optimize student
throughput, subject to limitations of resources required to convene training
courses. One of the model output parameters, number of course convenings, pro-
vides the basis for the student throughput calculation for each model run. Class
capacity is also a factor in the throughput calculation, but capacity remains
constant for each model run. The levels of resources required to achieve the
optimal student throughput are the only other model output parameters. One
section of moeel output dealing with the LP optimal solution and the sensitivity
analysis results is devoted to each type of parameter. The Requirements Speci-
fication Listing provides the model user with a cross-tabulation of courses and
resource requirements. The Requirements Specification Listing is created by the
LP problem formulation module. The objective of the listing is to correlate the
DOTS data base input with the LP Optimal Solution and Sensitivity Analysis output.
The two types of model output parameters will be described by an explanation of
the three SCRR model output listings:

a. Requirements Specification Listing

b. LP Optimal Solution and Sensitivity Analysis - Resource Data

c. LP, Optimal Solution and Sensitivity Analysis - Course Data.

REQUIREMENTS SPECIFICATION LISTING. A sample printout of the Requirements
Specification Listing is presented in Figure 11-2. The listing correlates the
training resources - instructors, classrooms, and laboratories - with specific
course numbers. The DOTS data base is organized by course. It contains course
statistics and delineates training resource requirements for each course. The
Requirements Specification Listing is organized by resource. It denotes all
courses which have a requirement for that particular resource. For example,
from Figure II-2, instructor group 003 is required 27 hours per course 510G
convening and 105 hours per course 5698 convening. Room 180 in building N-30
is required 42 hours per course 011A convening and 48 hours per course 536P
convening.

The specification listing also identifies the members of each instructor group
by instructor number and name. Total available contact hours per instructor
are also noted. It should be pointed out that the instructor group numbers
appearing in both the Requirements Specification Listing and the LP Optimal
Solution and Sensitivity Analysis output are identical to each other, but are
not related to the group number used in the DOTS data base.

Instructor group numbers are not permanently assigned. The numbers are assigned
sequentially each time the SCRR model is run and are a function of the set of
courses included in the model run. The members of the instructor group will
remain constant unless modified in the DOTS data base. For example, in the
SCRR model run from which Figure 11-2 was extracted, instructor group 004 has
two members -- Atwood and Colburn. If the SCRR model was run for a different
set of courses, Atwood and Colburn may become instructor group 002 or group
037, or some other group number. However, regardless of the set of courses for
which the SCRR model is run, Atwood and Colburn will always constitute one
instructor group as long as they are assigned to courses 510V and 510W.
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DOTS SUPPORT UTILITY.-.-SCRR M0061. INTERFACE

INSTRUCTOR GIMP 001: NUMBER NAME HOURS
3 HUNT 1000

COURSES; NURSER CAPACITY CONVENINGS REQUIREMENTS
011A 10 12 78

INSTRUCTOR GROUP 002; NUMBER NAME HOURS
41 VIERRETHER 1000

COURSES; NUMBER CAPACITY CONVENINGS REQUIREMENTS
S100 12 6 60

INSTRUCTOR GROW, 003; NUMBER NAME HOURS
40 PAUL 1000

COURSES: NURRER CAPACITY CONVENINGS REQUIREMENTS
SLOG 12 2?
4698 12 6 105

INSTRUttm Smlup 0041 NUMBER NAME HOURS
128 Arm0Ou 1000

129 COLBURN 1000

COURSES: NUMAER CAPACITY CONVENINGS REQUIREMENTS
4101/ 10 12 30

SIOm 10 24 18

INSTRUCTOR GROUP 0051 NUMBER NAME HOURS
132 STREIT 1000
133 JOYCE 1000
13* 'STEWART 1000

coulassi NUMBER CAPACITY CONVENINGS REQUIREMENTS
5101 16 2* IOU

INSTRUCTOR GROUP 006: NUMBER NAME HOURS
13S STEPHENS 1000
136 :MOORS 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
10 SO 28

INSTRUCTOR GROUP 0074 NUMBER NAME HOURS
130 mILSON 1000

131 BROWN 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
S3414 8 12 48

INSTRUCTOR GROUP 0081 NUMBER NAME HOURS

21 (MERLE 1000

22 MAGNER 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
56941 12 6 2SS

ROOM ALTCP4HGR - 2020.0 HOURS AVAILABLE. SLOW - 12.0

ROOM N-19A120 - 2060.0 HOURS AVAILABLE. 5I07 - 40.0

MOON N-194122 - 2040.0 HOURS AVAILABLE. 9I07 - 20.0

ROOM N-30 106 - 2010.0 HOURS AVAILABLE. SIOG - 33.0

ROOM N-30 107 - 2020.0 HOURS AVAILABLE. SlOG - 27.0 5698 - 105.0

ROOM N-30 103 - 20410.0 HOURS AVAILABLE. 469* - 45.0

MOON N-30 167 - 2080.0 HOURS AVAILABLE. 536x - 20.0

ROOM N-30 180 - 2080.0 HOURS AVAILABLE. 011A - *2.0 S36A - 48.0

ROOM N-30 181 - 20410.0 HOURS AVAILABLE. S1OV - 30.0 SLOW - 6.0

FIGURE 11-2 REQUIREMENTS SPECIFICATION LISTING

II-14 7
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LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS - RESOURCE DATA. The linear pro-
gramming module calculates the number of course convenings required to maximize
student throughput. This portion of the SCRR model output specifies the level
of resources required to attain the optimal number of course convenings. The
output specifies the levels to which each individual resource can increase and
decrease before it is required to rerun the SCRR model. Also identified is the
incremental student throughput change per unit increase or decrease up to those
levels. This output assumes that the rest of the problem is unaltered; that
is, the remaining input data are left constant, and the solution is adjusted as
necessary to maintain feasibility and optimality.

Resource. An example of the LP Optimal Solution and Sensitivity Analysis -

Resource Data output is shown in Figure 11-3. The first column identifies the
resources required by each of the courses processed by the model. The same
resource name can be located in the Requirements Specification Listing which
provides the model user with detailed resource data. For example, IG001 in
Figure II-31 is identified as instructor group 001 in Figure 11-2. From Figure
II-2, only one instructor (No. 3, Hunt) belongs to the group. IG001 instructs
only one course; O11A which requires 78 IG001 contact hours per convening.

Annual Availability. Column two in Figure 11-3 (Annual Availability [Hours])
denotes the number of hours per year each resource it .vailable to fulfill
course requirements. Instructor group availability represents the sum of the
availabilities of the individual members of the group. Individual instructor
contact hour availability figures do not include the following activities:
supervisory duties; military duties; preparation for instruction; duties re-
lated to instruction; annual leave; illness; special training; and break-in
time.

Annual Utilization. The annual utilization column identifies the number of
Fars per year each resource is required to achieve the optimal number of
course convenings.

Hours Underutilized. Hours underutilized or resource slack time represent the
WITeTerfamEiErlien annual availability and annual utilization.

Percent Utilization. Percent utilization is the ratio of utilization to

Resource Utilization Range. The resource utilization range indicates the level
to which each resource may be increased or decreased without rerunning the SCRR
model. Changes in resource level beyond this range will necessitate modifying
the data base to reflect the new resource levels, and rerunning the SCRR model.
Resource utilization changes within the specified range will affect the value
of the optimal solution which is stated in terms of optimal student throughput.
The magnitude of this effect (either positive or negative) is indicated,by the
next column, Throughput Change Per Unit Resource Change.

An example will illustrate the above explanation. IG001 (from Figure 11-3)
utilization range is 936-2793 hours. IG001 optimum utilization level is equal
to its annual availability, or 1000 hours. If IG001 availability were to
decrease below 936 hours, the indicated optimal solution would change. From
the Requirements Specification Listing (Figure II-2), it is seen that IG001
instructs course O11A. Since minimum IG001 requirements for course O11A are

11-15
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936 hours (78 hours per convening X 12 convenings per year), a decrease below
936 hours would result in an infeasible solution. IG001 utilization also can-
not be extended beyond 2793 hours without changing the optimal solution.

A utilization decrease in the range of 936-1000 hours would decrease the
indicated optimum student throughput by 0.038 for each hour of decreased
utilization. On the other hand, should utilization be allowed to increase be-
yond the 1000 hour level, the optimal student throughput would increase by
.038 per hour of increased utilization.

Throw h ut Chan e Per Unit Resource Chan e. This column identifies change in
tne optima student throughput w is wi result from a one hour change in
resource utilization. As long as the resource utilization level remains with-
in the indicated utilization range, the SCRR model need not be rerun. The
effect of the resource change can be determined by a simple calculation using
the throughput change per unit resource change.

The sensitivity analysis output, in particular the Throughput Change Per Unit
Resource Change column, assumes a continuous relationship between the parameter
representing the course convenings and the resource requirements parameter.
For example, if 10 contact hours are required to convene a course one time,
it is assumed that 11 contact hours will result in 1.1 course convenings, 15.5
contact hours will net 1.55 convenings, and 20 contact hours will provide 2
course convenings. Since all convenings are stated in terms of convenings
per year, it is possible to interpret a fractional convening as a course which
convenes prior to the end of the year but does not conclude until the following
year; i.e., 0.5 convenings indicate that a course is one-half complete at the
end of the year. However, except for this year-end interpretation, fractional
convenings have no meaning in the real world. Once a course is convened it
is always completed. Therefore, in reality the convening-resource relationship,
although linear, is not continuous. It is important that the model user keep
this fact in mind when interpreting the sensitivity analysis output.

Another example from the LP Optimal Solution and Sensitivity Analysis - Resource
Data output (Figure 11-3) will be used to demonstrate the significance of the
throughput change per unit resource change. The utilization range of IG002
is indicated to be 392-822 hours. IG002 annual availability is equal to 1000
hours, while the indicated optimal solution requires a utilization level of 822
hours. If IG002 utilization were to decrease from 822 hours, the SCRR model
would not have to be rerun since it can be seen from the throughput change
column that student throughput will decrease by .149 for each hour of decreased
16002 utilization. However, since in reality, instructor resources are not
applied or reduced on an hour by hour basis, let us examine the time consequence
of the above statement. Examination of Figure 11-2 indicates that 1,3002 in-
structs course 510G. Sixty IG002 contact hours are required for 510G convening.
Therefore, IG002 resource will be used in 60 hour increments. A 60 hour decrease
in 16002 utilization will decrease total student throughput by 8.9 (.149 per
hour X 60 hours). This is an interesting result. Since we are decreasing
total 510G convenings by one convening, we would expect the student throughput
to decrease by 12 (510G class capacity). The Limiting Variable column (see
explanation and example in following subsection) indicates that 5698 convenings
will change as IG002 utilization is decreased. The connection becomes clear
when we examine IG003 data in the Requirements Specification Listing (Figure
11-2). Since IG003 instructs both 5106 and 5698, 510G convenings decrease and
5698 convenings can be increased, although not on a one-to-one basis.
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The minimum IG002 requirement for course 510G is 360 hours (60 hours per con-
vening X 6 convenings per year). The difference between the optimal IG002
utilization level of 822 hours and the minimum 510G requirements is used to
increase the number of 510G convenings and, therefore, the student throughput,
since (from Figure 11-2) IG002 is not qualified to instruct any other courses.
The ability to increase 510G convenings is meaningful only if corresponding
increases in demand for course 510G can be projected. If no increased demand
can be projected for 5106, then 510G convenings should be maintained at the
current level. If the decision is made to maintain the current level of 510G
convenings, then IG002 will be underutilized 640 hours (1000 hours availability
-360 hours required for 510G). These 640 hours could then be devoted to
cross-training IG002 to qualify to instruct additional courses (the SCRR model
can assist in the identification of courses which require additional instructors)
or to perform other duties.

Limiting_Variable. This column identifies the variable which limits the uti-
lization range. Again referring to Figure 11-3 and resource IG001, the column
labeled "Limiting Variable" indicates that as IG001 utilization level is de-
creased from 1000 hours to a level of 936 hours, course O11A convenings will
change. With the assistance of the Requirements Specification Listing (Figure
II-2), this fact becomes obvious. As the instructor resource level is decreased,
the number of course convenings must also decrease since these two variables
are directly proportional. Similarly, as IG001 utilization is increased above
the 1000 hours level, course 536P convenings will decrease. Since O11A and
536P share the same classroom (see Figure II-2), as O11A convenings increase,
536P convenings must decrease. The minimum 536P requirement for classroom 180
in building N-30 is 576 hours (48 hours per convening X 12 convenings per year).
The remaining availability of room 180 becomes 1504 (2080-576) hours. Since
O11A requires 42 hours per convening, course O11A can theoretically be convened
35.81 times in the remaining 1504 hours. 35.81 convenings X 78 hours per con-
vening establishes the 2793 hour upper limit for IG001 utilization.

LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS - COURSE DATA. The optimal number
of annual course convenings which will maximize student throughput is calculated
by a linear programming technique. The sensitivity analysis provides informa-
tion regarding the sensitivity of the optimal solution to changes in the input
data, and the solutions that result from such changes. The levels to which the
class capacity and the number of annual convenings can increase and decrease
before the optimal solution changes are contained in the course data section
of the LP Optimal Solution and Sensitivity Analysis output. It also gives the
incremental change in student throughput per unit increase or decrease in
course convenings up to these levels. As with the resource data output, the
course data sensitivity analysis assumes that variables are changed individually
and that the rest of the problem remains unaltered. A sample of the LF Optimal
Solution and Sensitivity Analysis - Course Data output is shown in Figure 11-4.

Course CDP Number. All courses are identified by the four digit CDP number.

Maximum Annual Convenings. This column lists the optimal number of annual
course convenings for each course. The optimal number of convenings is that
number of convenings which maximize total student throughput subject to the
resource limitations identified in the previous output section. Any other
combination of numbers of convenings for the same set of courses is either not
feasible or will result in a lower student throughput. As an example, the
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optimal number of convenings for course O11A is shown to be 12.8 (from Figure

11-4). Since the number of convenings is established for a one year period,
fractional convenings can be interpreted to mean that the course was convened
but not completed in the same year. Therefore, 12.8 convenings are equivalent
to 13 convenings with the last being eighty percent complete at the end of
the year.

Current Scheduled Convenings. The current number of scheduled convenings
listed in this column is identical to the number of convenings stored for each
course in the DOTS data base. This number is established as a lower bound for
the maximum annual convening parameters discussed above. In effect, the lower
bound represents an additional constraint to the LP problem. The constraint
to the variable representing the number of convenings for course O11A states
that O11A convenings must be greater than or equal to 12.

Class Input Capacity. The Class Input Capacity is also retrieved from the DOTS
data base. The class capacities are the LP objective function coefficients.
Student throughput is established by multiplying the capacity of each class
by the optimal number of'convenings calculated for that course.

Capacities are based upon training considerations such as instructor to student
ratio, availability of training equipment, workshop, laboratories, and mock-up
facilities, as well as physical considerations such as classroom size.

Annual Convenius Range. The Annual Convenings Range indicates the upper and
lower llmits for the number of annual convenings parameter. The current LP
solution remains optimal for all values of the convenings parameter within this
range. However, as the number of annual convenings is varied from the indicated
optimal, the maximum student throughput will either increase or decrease by the
factor printed in the next column, Throughput Change Per Course Convening Change.
The specified lower bound, which is the number of current scheduled convenings,
is ignored in calculating the range of annual course convenings. For example,

the range of annual convenings for course 510W is -6.7-91.1. The solution
which maximizes student throughput is 91.1 convenings. The current number of
scheduled convenings is 24 per year. If 10 convenings less than the optimal
91.1 were scheduled, the total student throughput would decrease by 40 (4 per

convening). Note that the student throughput drops by only 4 per convening,
in spite of the fact that 510W class capacity is 10. From Figure 11-2 we see
that courses 510V and 510W utilize the same instructor group. Therefore, as
510W convenings cre decreased, additional convenings of 510V can be scheduled.
But since 510V uses more instructor resource per convening, less 510V convenings
can be scheduled with the resources made available by reducing 510W convenings.

The Annual Convenings Range also provides an indication of the effect of class
size on the LP optimal solution. The current solution will remain optimal for

class sizes in the range noted by the Class Capacity Range column. As the
class size drops below the capacity range minimum, the optimal number of con-
venings will decrease to the convening range minimum, if that quantity is
greater than the current number of scheduled convenings. If the convening

range minimum is less than the Current Scheduled Convenings, then the optimal
number of course convenings will be set equal to the Current Scheduled Con-
venings. For example, from Figure 11-4, the optimal number of convenings for
course O11A is 12.8 based on a class size of 10 students. Should the class

11-19
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size drop below seven (Class Capacity Range minimum), the optimal number of

convenings would decrease to 12 since the Annual Convening Rare minimum (1.9)

is less than 12.

The optimal number of annual convenings for course 510G is 13.7 for a class
size of 12. If the class size drops to three or less, the optimal convenings
for that course will decrease to the Annual Convening Range minimum (6.5),
rather than the Current Scheduled Convenings (6.0). The student throughput
for the new optimal solution will decrease by 64.1 (decrease of 7.2 convenings
X 8.9 student throughput decrease per convening).

Throughput Change Per Course Convening Change. This column indicates the change
in the optimal student throughput which will result from a change in the number
of course convenings. As long as the number of course convenings remains within
the range indicated by the Annual Convening Range column, the SCRR model need
not be rerun. The effect of a change in the number of convenings can be deter-
mined by a simple calculation using the Throughput Change Per Course Convening
Change. Again, referring to Figure 11-4, if course 5698 convenings were to in-
crease from the six per year optimal to seven per year, the total student through-

put would decrease by 34.7. From Figure 11-2, courses 5F98 and 510G share IG003.
Increasing 5698.convenings from 6.0 to 7.8 shifts 189 hours of IG003 time from
510G to 5698. This 189 hour shift increases 5698 convenings by 1.8, but reduces
possible 510G convenings by 7 (189 27 hours per 510G convening). Therefore,

student throughput will drop even though 5698 convenings are increased.

Class Capacit Ran e. This column indicates the range of class capacities for

which the in ca eciPtimal number of course convenings will remain unchanged.

A decrease in class size to below the capacity range minimum will cause the

optimal number of convenings to decrease to either the number of current sched-

uled convenings or the convening range minimum, whichever is greater. An in-

crease in class size to beyond the capacity range maximum will increase the
number of course convenings to the convening range maximum. Using course 510V

from Figure 11-4 as an example, if the class size were increased from the current

level of 10, to 17 or more, the optimal number of convenings would increase to
52.3 per year from the current level of 12.

Limiting Variable. This column identifies the variable which limits the con-
venings range and whose value will change as a result of a variation from the

optimal convening level within the course convening range. Several examples

from Figure 11-4 will clarify the significance of this column. As the number

of course 011A convenings are decreased from the indicated optimum, IG001
utilization will decrease from the 100 percent shown in the SCRR output. This

relationship is obvious since a decline in convenings will result in lower

resource requirements.

As course 510G convenings decrease from the optimal, course 5698 convenings

will increase from the Current Scheduled Convenings level. IG003 is shared

by courses 510G and 5698. A decrease in 510G convenings, will increase the

level of IG003 resources available for course 5698. Decreasing course 510G

convenings will reduce the total student throughput by 8.9 per convening

deleted.
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Reducing course 5698 convenings from 6 to 5.2 will increase IG002 utilization.
At 5.2 convenings, IG002 utilization will reach 100 percent. Therefore, a
decrease in 5698 convenings below 5.2 will result in a Throughput Change Per
Unit Resource Change other than 34.7. Similarly, 5698 convenings can be
increased to 7.8 per year by increasing IG008 utilization to 100 percent.

MODEL/DATA BASE COMMUNICATION

The values for all input parameters which must be supplied to the SCRR
model are stored in the data base. These parameter values are accessed and
processed by the SCRR model component which formulates the LP objective function
and constraint equations. The data accession process does not require uLer in-
tervention, however, the user may limit the amount of data processed by the
model to one or more schools. Unless specific school names are identified on
the model control card, all training complex schools will be processed.

Data flow between the data base and the SCRR model is strictly one way. There
is no direct feedback from the model to the data base. Data base maintenance
is performed independently of model operation.

To demonstrate SCRR model and data base interaction, the resource requirement
algorithm will be discussed in detail. The algorithm is implemented within the
LP problem formulation module. The objective of the algorithm is to extract
from the data base the data elements required to construct the Resource Require-
ment Matrix shown in Figure 11-5.

The data base printout for course (CDP number) 536K is presented in Figure 11-6.
The first step in the algorithm is to calculate the instructor requirement for
the course. Two instructors are required for eight hours of lab work, and one
instructor is required for twelve hours of classroom presentation. The total
instructor contact hour requirement for course 536K is 28 hours. All require-
ments are fulfilled by instructor group 1. There are two instructors (135 and
136) currently assigned to course 536K who belong to instructor group 1. From

the instructor data base (Figure 11-7), it is determined that both instructor
number 135 and 136 are available 1000 hours per year. Therefore, the total
availability of instructor group 1 is 2000 hours. The absence of related
course data for 536K indicates that instructors 135 and 136 are not currently
instructing any additional courses. With this information, the firsi: row of
the Resource Requirement Matrix (Figure 11-5) can be completed. Twenty-eight
instructor group 1 contact hours are required per convening of course 536K.
Instructor group 1 has a total annual availability of 2000 hours.

Returning to Figure 11-6, it is seen that 536K has an additional requirement of
20 hours per convening for classroom 167 in building N-30. The same room is
used for both classroom and lab sessions. It has an annual availability of

2080 hours. This information is also transferred to the requirements matrix.

Finally, the algorithm calls for the establishment of the minimum number of
annual convenings for 536K. The number 50 is read from the data base and
temporarily stored with the requirements matrix. When the requirements matrix
has been established for all specified courses, the data are reformatted for
input to the LP routine.
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ebee 50 24 12 24 12 6 6 12

,

J;

RESOURCE 536K 5107 510V 510W 536P 510G 5698 011A
RESOURCE

AVAILABILITY

INSTR GRP 1 28 2000

INSTR GRP 2 100 3000

INSTR GRP 3 30 18 2000

INSTR GRP 4 48 2000

INSTR GRP 5 60 1000

INSTR GRP 6 27 105 1000

INSTR GRP 7 255 2000

INSTR GRP 8 78 1000

N-30 167 20 2080

N-19A 120 40 2080

N-19A 122 20 2080

N-30 181 30 6 2080

FLTLN HGR 12 2080

N-30 180 48 42 2080

N-30 106 33 2080

N-30 107 27 105 2080

N-30 108 45 2080

FIGURE 11-5 RESOURCE REQUIREMENT MATRIX
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1492******************COUASE NDNAEAw4.041-0149-mcDp=536m***************wsmot
NAME DEPT NEC TYPE

MAGAZINE SPRINKLERS
ASM LOCK

CURRENT -FUTURE

QUAL BACK CONY LEN QUOTAS CHNG OFF QUOTAS LEN CONV

TIME LOG PER YR MKS BUPRS CLASS DATE SET bUPRS CLASS MKS PER YR

2.4 MKS 9 MKS 50 0.6 0 10 0' 0 0 0 0.0 0

TPF FIELDS: SUPERS ANNUAL PCT PCT PCT

DEMAND DEMAND UTIL NOSHOW MONACO'S

A 428 0.0 10.7 0.0

INDIA RATIO OINSTRS HOURS TYPE GROUP

1 S.0 2 8.0 LAB 1

2 10.0 1 12.0 THEORY 1

INSTRUCTORS: NUMBER NAME
131 BROWN
135 STEPHENS
136 BROOKS

CLASSROOMS:

%QUAL
100
100
100

ASSIGNED?
NO
YES
YES

GROUP

BUILDING ROOM CAPACITY TYPE REQUIRED AVAILABLE

N-30 167 10 BOTH 20.0 2080
AMIEMIII=1111111111111111111

FIGURE 11-6 DATA BASE LISTING - COURSE 536K

.. W...Imo

iymts.T.p4 NO, ..,.....1NsTitucToN

DOTS SUPPORT UTILITY - -- INSTRUCTOR Fla LISTING-7f
NAME . .R410. MT REPAR.T.

- . --
.1176J L SKC SUPPLY 161173 1000

. 2 . . FENNEL F E SKI SUPPLY 080474 0478 1000

3 HUNT A C STCS ASM 171072 0576 1000

4 FLICKINGER 4 SKI SUPPLY 040272 0875 1000

S MCEMEN R SKI SUPPLY 130473 0576 1000

M SK1 SUePLY 090771_. .9174_ .1000

7 ACCUTCHEON J SKC SUPPLY 300771 0375 1000

14wft."`--...-+°w.....1m--41ftft*.ftww
39 GREENE J A YNCS IT/AD 180374 0974 1000

40 PAUL C E STC ASM 240473 0474 1000

41 VIERRETHER m ST1 ASM 230471 1174 1000

92. HAMBLIN N 0 FTGC IT/AD 120173 0176 1000

43 DIONNE E SMC IT/AD 130473 0476 1000

44 CRAIG L 0 SMCM IT/AD 301173 1276 1000

45 LEHMAN K ETC IT/AD 040673 0777 1000

46 MCFATRIDGE G E AMC 1T/AD 200873 0976 1000

47 STORCK H 4 PITC IT /AD 280673 0875 1000

48 BAKER E R MR1 IT/AD 030773 0776 1000

49 ROSE T P PN2 IT/AD 260673 0875 1000

SO BOLING L MAC IT/AD 040573 0275 1000

St CORDELL R MAC IT/AD 110673 0775 1000

52 PETRUCCI F MA1 IT/AD 181273 0975 1000

53 EBELING .
F MAI IT/AD 301173 1274 IWO

94 . PALMER T MAI IT/AO 131173 1276. ltiOO

SS RUMBERGER. T OSCS IT/AD 230173 0176 moo
56 TAYLOR S NCI IT/AD 200672 1075 1000

FIGURE 11-7 INSTRUCTOR FILE LISTING
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The resource requirement algorithm is repeated for course 5107. The algorithm
sequentially numbers the instructor groups as they are added to the require-
ments matrix. Course 5107 has a requirement of 100 instructor group 2 contac'.
hours per convening. Instructor group 2 annual availability is 3000 hours.
Classrooms 120 and 122 in building N-19A are required 40 and 20 hours re-
spectively per convening. To fulfill minimum train;ng equirements, course
5107 must convene at least 24 times per year.

One final example in which a single course is instructed by multiple instructor
groups and a single instructor group instructs more than one course, will be
examined. Referring again to the Resource Requirement Hatrix, Figure 11-5,
it can be seen that both course 510G and 5698 have requirements for two in-
structor groups and that one of these groups instructs both courses. The re-
quirements algorithm first calls the data elements describing course (COP
number) 510G from the data base (see 510G data printout, Figure 11-8). Contact
hour requirements are specified for two instructor groups. Instructor group 1

is required for 33 hours of classroom lecture, plus an additional 27 hours of
lab, for a total of 60 hours per convening. Only one instructor (41) currently
assigned to course 510G is included in instructor group 1. From the instructor
file (Figure II-9), instructor 41 is available 1000 hours per year. Since no
related courses are specified for instructor group 1, the above information is
entered in the requirements matrix (Figure 11-5) in the instructor group 5 row.
Group numbers are sequentially assigned in the construction of the require-
ments matrix and have no meaning except to differentiate between groups.

Referring back to Figure 11-8, instructor group 2 is required 27 hours per
convening for lab instruction. Instructor group 2 consists of only one in-
structor (40) who (from the instructor file, Figure 11-7) is available 1000
hours per year. However, from the related course data, instructor group 2 is
also utilized for course 5698. Course file data for course 5698 are. presented
in Figure 11-9. Instructor group 2, whose sole member is instructor 40, is
required 105 hours per convening of course 5698 for lab instruction. The re-
quirements matri% shows a requirement of 27 hours per convening of course 510G
and an additional requirement of 105 hours per course 5698 convening, against
a total availability of 1000 hours for instructor group 6.

The convening frequencies and space requirements for courses 510G and 5698
were also read from the course file and entered in the requirements matrix
according to the procedures previously described.

All Resource Requirement Matrix data plus the identification of instructor

group members, are available to SCRR model users in the Requirements Speci-

fication Listing.

LOGIC DESIGN

A mathematical model of a system is a collection of mathematical relation-
ships which characterize the feasible solutions of the system. By feasible
solutions, is meant those solutions which can be carried out under the system's
limitations. The technique utilized to solve the SCRR mathematical model is

linear programming. Linear programming establishes the optimal system
solution by iteratively evaluating feasible solutions against an expressed

objective. Before the linear programming technique can be used, several

basic requirements must be fulfilled. This section will discuss these basic
requirements and demonstrate that these requirements are fulfilled by the
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5002844144484444444444*COURSE NuM8ERA-130-0109----CDPS10044444444444441,10444404
COURSE NAME DEPT NEC TYPE

LAVA SQS-54/SKR-4 OPERATIONAL MAINTENANCE ASW LOCK

CURRENT FUTURE
QUAL BACK CONY LEN QUOTAS CHNG OFF QUOTAS LEN CONV
TIME LOG PER YR WKS BUPRS CLASS DATE SET BUPRS CLASS WKS PER YR

8.0 WKS 0 WKS 6 2.0 0 12 0 0 0 0 0.0 0

TPF FIELDS: SUPERS ANNUAL PCT PCT PCT
DEMAND DEMAND UM NOSHOW NONACDIS

0 0 0.0 0.0 0.0

INDEX RATIO 8INSTRS HOURS TYPE GROUP
1 6.0 1 27.0 LAB 2
2 6.0 1 27.0 LAB 1

3 12.0 1 33.0 THEORY 1

RELATED CUURSFS: COP GROUP
5698 2

INSTRUCTORS: NUMBER NAME
40 PAUL
41 BIERRETHER
136 BROOKS

CLASSROOMS: BUILDING
N-30
N-30

%QUAL ASSIGNED?
100 YES
100 YES
100 NO

ROOM CAPACITY TYPE REQUIRED
106 12 LECTURE 33.0
107 18 LAB 27.0

GROUP
2

1

AVAILABLE
7180
1,80

FIGURE 11-8 DATA BASE LISTING - COURSE 510G

5012.1044**************COURSE NUMBERA-130-0108----CDP569844444missems44144444*(
COURSE NAME DEPT NEC TYPE

LAVA OPERATIONS GRAM ANALYSIS ASW LOCK

CURRENT FUTURE--- -
QUAL BACK CONY LEN QUOTAS CHNG OFF QUOTAS LEN CONY
TIME LOG PER YR WKS BUPRS CLASS DATE SET BUPRS CLASS WKS PER YR

20.0 WKS 0 WKS 6 5.0 0 12 0 0 0 0 0.0 0

TPF FIELDS: SUPERS ANNUAL PCT PCT PCT
DEMAND DEMAND UTIL NOSHOW NONACDIS

0 0 0.0 0.0 0.0

INDEX RATIO INSTRS HOURS TYPE GROUP
1 4.0 1 105.0 LAB 2
2 4.0 2 105.0 LAB 1

3 12.0 1 45.0 THEORY 1

RELATED COURSES: CDP GROUP
5106 2

INSTRUCTORS: NUMBER NAME
21 OBERLE
22 WAGNER
40 PAUL

CLASSROOMS: BUILDING
N-30
N-30

ROOM
10?
°we

MAL
100
100
100

CAPACITY TYPE
18 LAB
18 LECTURE

ASSIGNED?
YES
YES
YES

REQUIRED
105.0
45.0

GROUP
1

1

2

AVAILABLE
2080
2080

FIGURE II-9 DATA BASE LISTING - COURSE 5698
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SCRR model application. Also included in this section is a discussion of the
real world interpretation of a linear programming optimal solution. Assumptions
and limitations relative to the SCRR mathematical model variables are also
discussed.

LINEAR PROGRAMMING BASIC REQUIREMENTS. As the name "linear programming" implies,
both the objective function and every constraint function must be linear.
Linearity is a primary requirement of linear programming. A linear relationship
is essentially defined by two properties, proportionality and additivity. In

addition to these two major characteristics, three additional requirements must
be adhered to: nonnegativity; divisibility; and deterministic coefficients.

Proportionality. Linearity requires a proportionality or a simple multiplica-
tive relationship between the units of resource requirements and the number of
convenings of each course. For example, if six instructor 1 contact hours are
required to convene course A one time, then 12 hours are required for two con-
venings, and 24 hours are required for four convenings, etc., assuming a constant
class size. The amount of resource required is the same for the n-th convening
as it is for the first. This is an important property of linearity from the
practical point of view. If, for example, it was the case for some instructional
curriculum that 60 hours of a given resource were required to attain 30 convenings
of some course, but only 100 hours of the resource were required to attain 60 con-
venings of this course, then the proportionality assumption would not hold. It is
obvious, assuming that class size is held constant for each model run that for the
SCRR model application, the resource requirements are proportional to the number
of course convenings and to the student throughput for a constant class size. The
objective function of the current SCRR model formulation is to maximize student
throughput based on specified course capacities. Course requirements are calcu-
lated based on a constant class capacity. Subsequent model runs may be made for
different class sizes. Therefore, for each model run, throughput will be
linearly related to resource requirements.

Additivity. The additivity property of linear relationships states that the
measures of effect as calculated through the objective function, and the levels
of resources as expressed in the constraint equations, must both be additive.
The objective function measure of effect is student throughput, which is cal-
culated by multiplying the course capacity by the number of convenings. Thus,

if course A's capacity is 6 and it is convened 10 times each year, the annual
throughput for A is 60, and if course B has a capacity of 20 and is convened
15 times per year, its throughput is 300. The additivity property states that
the total throughput for the two courses is then 360. A similar example will
demonstrate the additivity property's involvement in the constraints of the
linear programming model. Instructor 1 teaches both courses A and B. Twenty-
five hours of his time are required for each convening of course B. Since A

meets ten times each year and B fifteen times, instructor l's total require-
ment is 400 hours (250 for A and 150 for B). Like the above example, all SCRR
model resource requirements are additive across all courses.

Ronnegativity. The nonnegativity property states that while any positive
multiple course convenings is possible, negative course convenings are not
possible. Adherence to this restriction is ensured through the MPSX program.
The MPSX program allows the user to specify both upper and lower bounds for
the decision variables. If a lower bound is not specified, the program assumes

a value of zero. Unspecified upper bounds are set equal to infinity. In the
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case of the SCRR model application, the LP problem formulation algorithm sets
the lower bound for course convenings equal to the number of annual convenings
(which is always a positive quantity) stored in the data base. A negative

number of course convenings is meaningless.

Divisibility. The divisibility property requires that fractional levels of
the decision variables be permissible. In many linear programming models, the
decision variables would have physical significance only if they have integer
values. There is no guarantee that the solution procedure utilized within the
SCRR model will yield an integer Solution. If an integer solution is required,
the common procedure is to round the non-integer optimal solution down to the
nearest integer. This course of action could produce two problems. First,

this integer solution need not be feasible. Second, even if it is feasible,
this solution need not be too near optimality. Since fractional values for the
number of course convenings is interpretable, the SCRR model application ful-
fills the divisibility property requirement. A fractional course convening is
interpreted as a course which is convened but is not completed in a calendar
year. For example, 0.5 convenings could be associated with a two week course
which is convened the last week of a calendar year. In the event that the
decision is made sometime in the future to consider only integer-valued number
of convenings, the SCRR model could be easily modified to handle this restric-
tion, since MPSX has integer programming capability.

Deterministic Coefficients. All of the coefficients in a linear programming
model are assumed to be known constants. In the SCRR model application, this
includes class capacities, instructor and space requirements per convening, and
instructor and space availabilities. The fact that any or all of the LP co-
efficients may not be known constants does not invalidate model results, but
does require the expenditure of additional effort. (A sensitivity analysis is
generally performed to determine the effect on the optimal solution if par-
ticular parameters take on other possible values.) Sensitivity analysis is
employed to determine the effect of changing the value of a single parameter.
It is often of interest to investigate making simultaneous changes in a number
of parameters and to study what happens as the magnitude of these simultaneous
changes increase. A systematic study of such changes in certain parameters of
a linear programming model is the objective of parametric linear programming.
A post optimal sensitivity analysis is built into the SCRR model. Sensitivity
analysis results are included in the SCRR model output. Parametric programming
may be performed by the model user by systematically varying the parameters of
interest, rerunning the SCRR model, and comparing results.

INTERPRETATION OF LP OPTIMAL SOLUTION. The SCRR model can be operated in two
different modes. The number of course convenings can be specified by the user.
The model will then calculate the resources required to achieve that number of
convenings, and compare the required resources with present resource capabilities.
On the other hand, the SCRR model could be run against the data base which
depicts current resource capabilities and specifies a minimum number of course
convenings. The model will determine the maximum student throughput which could
be attained with current resources. Model results from the former operating
mode are straight-forward and require no additional explanation. Interpreta-
tion of model results in the latter case is more complex.

Consider the following example. Course A is currently schedu.ed to convene 24
times per year. The SCRR model is run to optimize throughput based on current
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resources. Model results indicate that course A should be convened 93.7 times
per year Since the user is aware that course A utilization is currently
averaging about 70 percent and a reduction in convening frequency is being
considered, the model results appear absurd. However, the objective of the
SCRR model was to maximize throughput, which is defined as course capacity
times the number of convenings, subject to current resource capabilities.
Throughput can be increased only by increasing convening frequency. Con-
vening frequency is limited only by available resources. Capability to in-
crease convening frequency to nearly four times the current schedule implies
that present course A resources are being utilized approximately 25 percent
of the available time! Therefore, the question the SCRR model user should be
considering is not should course A be convened 93 times per year, but how can
course A resources be utilized more effectively? Resource availabilities
stored in the data base should be examined. Perhaps the original availability
estimate was too high. Frequent curricula updates may reduce the time avail-
able for classroom instruction. Or the instructor(s) could be cross-trained
to instruct one or more additional courses. The same model output which in-
dicated 93.7 convenings for course A, may also have pointed out other courses
which could not meet minimum convening requirements because of lack of resources.

The user should investigate all the above possibilities. Model input parameters
could be modified and the model rerun to assist in the evaluation of the feasible
alternatives.

ASSUMPTIONS AND LIMITATIONS OF SCRR MODEL VARIABLES. The laboratory and class-
room facilities; i.e., the number of spaces available for rourse presentation,
lab equipment, training aids, and other major equipment installed in these
spaces, are considered to be fixed in their availability in the short run (up
to two years), but variable.over longer time spans. Therefore, a time lag of
from one to two years is assumed between a decision to procure major equipment
or to construct classroom or lab facilities, and the completion of the installa-
tion or construction.

Although short-range availability of classrooms and laboratories is considered
fixed, an estimate of the availability of individual classrooms or labs has not
been attempted. A uniform availability of 40 hours per week for 52 weeks per
year or a total of 2080 hours per year has been assumed for all classroom and
laboratory spaces. The SCRR model user has three options relative to space
availability: (1) maintain the assumption of a uniform 2080 hours per year
availability; (2) establish the availability on a room by room basis for the
training complex; or (3) utilize the SCRR model to perform parametric studies
to determine the effect of facility availability.

The authorized allowance of instructors is considered to be fixed in the short
run. The actual on-board count of instructors is considered variable in both
the short and the long run. In the short run, variations in the on-board
count may be caused by many factors (temporary additional duty, vacations,
illness, time lag between assignment rotation and receipt of replacement). In
the long run, higher authorities can change the instructor allowance as a

function of major changes in curriculum or requirements, changes in command
mission, or the general level of manpower authorizations.

On-board instructor count can be easily maintained within the data base. How-
ever, given on-board count, the key SCRR model variable becomes instructor
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availability. Instructor availability is the number of hours per year an
instructor has available for classroom instruction. Availability does not
include supervisory requirements, military duties, preparation for instruction,
duties related to instruction, annual leave, illness, special training, or
break-in time. Both average instructor availability and individual instruc-
tor availability are unknown at this time. Availability standards ranging
from 750 hours per year up to 1250 hours per year have been used by various
organizations at different points in time The current Design of Training
System (DOTS) data base shows instructor availability equal to 1000 hours
per instructor per year. This number was selected because it represents the
average of two documented standards. The intention is not to establish 1000
hours per year as a new instructor availability standard, but to use this
number as a point of departure from which a more meaningful standard can be
derived.

Individual instructor availability could potentially range from as high as

1500 hours per year to a minimum in the range of 100-200 hours per year, as a
function of the amount of course related duties, administrative duties, etc.
Availabilities for all instructors should be established by their respective
school directors and entered in the DOTS data base.

The SCRR model should be utilized to perform a parametric analysis of instruc-
tor availability. Varying instructor availabilities from 700 to 1500 hours in
100 hour increments will provide training complex officials with an estimate
of the sensitivity of training complex capabilities to instructor availability.

It is assumed that budget does not constrain the SCRR model solution in the
short run. However, in the long run, budget constraints of a capital nature
may alter the SCRR optimal solution, in that student throughput could be
affected by the funding available for new construction and/or procurement of
new equipment.

Course curricula are considered fairly ineastic in the short run. Drastic
curriculum changes require a considerable amount of time to determine new re-
quirements, develop new material, and secure headquarters review and approval.
However, numerous minor changes to courses take place frequently, and a course
may be dropped as a result of sustained low utilization.

Student/instructor ratios are generally a function of curriculum requirements.
The generally accepted rule used in the establishment of these ratios is that
the ratio of trainees per instructor for each instructional situation, should
be set at that point which yields the highest possible ratio without serious
detriment to the quality of instruction.

The optimum ratio should be based on consideration of the type of equipment,
safety, and teaching effectiveness for the particular teaching situation.
Since no more specific procedures other than the above exist, the establish-
ment of student/instructor ratios remains highly subjective, and should be
closely monitored by training complex officials.

iThese figures are from BUPERSINST 1510.150 and CNTECHTRAINST 5311.1A
respectively.
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The current version of the SCRR model calculates all instructor requirements
assuming 100 percent course utilization. The result of this assumption is
that requirements are overstated for those courses which are consistently
underutilized and whose instructor requirement is a function of class size.
For example, course number J-780-0406, Damage Control/Firefighting, Shipboard,
has a 12:1 student/instructor ratio for 10 hours of the firefighting portion
of the course. The normal class capacity is 144. Thus if the course were
100 percent utilized, 12 instructors would'be required for that 10 hour section
of the course. However, if the course were averaging only 50 percent utiliza-
tion, the instructor requirement would drop to six for the same portion of
the course.

The SCRR model will be modified to include the impact of course utilization
during Phase III of this project.

LEVEL 1 VALIDATION SCENARIOS

The purpose of the level 1 validation scenarios is to objectively demon-
strate that all subelements of the SCRR model will perform the functions iden-
tified in the model description section (page II-1). Four scenarios will be
presented in this section. The first two will exercise the SCRR model against
the total DOTS data base. These scenarios have been designed to test each
model subroutine, while simultaneously establishing model limitations with
respect to problem size. The last two scenarios will demonstrate how the SCRR
model can be used to assist training officials in the analysis and solution of
typical problems.

SCENARIO 1 - EXECUTE THE SCRR MODEL USING THE ENTIRE MASTER DOTS DATA BASE AS
INPUT DATA. The objective of this validation scenario is threefold:

a. To determine if the SCRR model software can process the entire 125
course data base within the storage limitations (120K) of the
development computer.

b. To audit the SCRR interface and output formatting programs.

c. To audit the data base contents.

Scenario Input Data. This scenario requires no input data preparation. The
model user need only select the appropriate Job Control Language (JCL) card
deck (see SCRR model operating procedures, Volume III, Section II), and
specify the master DOTS data base as the data source. The SCRR model inter-
face program will then access the master data base, select the data elements
required to formulate the linear programming problem, and prepare the input
data for the MPSX module. The MPSX module solves the linear programming
problem and passes the solution to the output formatting program, which
prints the LP solution and sensitivity analysis results.

Special Run Conditions. Scenario 1 will formally test the following SCRR model
software:

a. JCL to execute SCRR model from master data base.

b. All SCRR model interface program codes.
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c. MPSX control program.

d. All output formatting program codes.

Design Criterion Tested. The core of the SCRR model is a linear programming
computational technique. Since the time of its development nearly 30 years
ago, linear programming has become accepted and widely used by both theoretical
and applied mathematicians. The software package used to calculate the linear
programming solution for the SCRR model is MPSX (Mathematical Programming Sys-
tem Extended), an IBM Program Product. Neither the linear programming technique
nor the MPSX software will be subjected to validation testing.

The application of the linear programming technique to the problem of deter-
mining the best use of resources to meet training requirements, has been
initially discussed in the logic design section (pagelt -24). The SCRR model
linear programming problem formulation fulfills the basic mathematical pre-
requisites of proportionality and additivity. An important part of the valida-
tion testing is the determination that the linear programming model formulation
approximates the real world to an acceptable degree. Several discussions
relative to the evaluation and interpretation of model results have been in-
cluded in the output parameter description subsection and the logic design sub-
section. Comparisons of model solutions with expected results will be included
in the discussion of test results.

The validation scenarios have, therefore, been designed to test the following
design criterion:

a. The SCRR model software must correctly manipulate the data elements
in the process of formulating the LP problem.

b. The linear programming model must approximate the real world to an
acceptable degree.

Test Run Output. Because of the volume of output data, the complete scenario
1 resulis will not be reproduced in this section. Excerpts from the SCRR
model output will be provided to demonstrate that the model has met its design
objectives.

Requirements Specification Testing. Two pages of the Requirements Specification
Listing are presented in Figure II-10. The accuracy of the data contained in
this output listing can be verified by comparing them to a listing of the data
base contents. For example, Figure II-10 indicates that instructor group 001
(IG001) has only one member - instructor number 196. IG001 instructs only
course 007E. IG001 contact hour requirements for 007E is 90 hours per con-
vening. The data base listing for course 007E is shown in Figure II-11.
Instructor 196 is one of two instructors listed as currently assigned to course
007E. The two instructors are internally differentiated by the group desig-
nator. Instructor 196 is identified as group 1. Group 1 is required for 54
hours of lab and 36 hours of theory presentation, a total of 90 hours. Group
1 does not appear in the related course data, which indicates that instructor
196 is not instructing any additional courses.

Figure II-11 indicates that Instructor 213 is also assigned to course 007E.
He is one of two instructors required for the 54 hours of lab instruction.
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KtFON1 NU. 14-4

1

DOTS SUPPORT UTILITY---SCRR MODEL INTERFACE

INSTRUCTOR GROUP 001: NUMBER NAME
196 DOLORES

COURSES: NUMBER CAPACITY CONVENINGS REQUIRFWNTS
007E 4 4 4:10

"OUMS
1000

INSTRUCTOR GROUP 002: NUMBER NAME HOURS
213 NCCLEARN 1000

COURSES: NUMBER CAPACITY CONVENINGS REwUIREmENTS
non 4 4 54
147W 4 4 40

INSTRUCTOR GROUP 003: NUMBER NAME
3 HUNT

COURSES: NUMBER CAPACITY CONVENINGS PEOUIPEMENTS
011A 10 12 78

HOURS
1000

INSTRUCTOR GROUP 004: NUMBER NAME HOURS
137 DUDLEY 1000
140 ENGLAND 1000

COURSES: NumBEM CAPACITY CONVENINGS REQUIREMENTS
0129 20 50 75
3120 10 24 92

INSTRUCTOR GROUP 03S: NUMBER NAME HOURS
241 FLORA 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
1465 4 5 75
54811 4 4 54

INSTRUCTOK GROUP 036: NUMBER NAME
215 WARD

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
I474 4 4 60

HOURS
1000

INSTRUCTOR GROUP OM NUMBER NAME HOURS
217 JAMES 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
347Y 4 4 100
348A 4 2 100
348C 4 2 100

INSTRUCTOR GROUP 038s NUMBER NAME HOURS
I51 DUCHARME 1000
152 SILVER 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
3495 4 It 262.

INSTRUCTOR GROUP 039: NUMBER NAME HOURS
222 NAY 1000

COURSES: NUMBER CAPACITY CONVENINGS REQUIREMENTS
350S 4 5 60

FIGURE II-10 SCENARIO 1 - REQUIREMENTS SPECIFICATION LISTING EXCERPT
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B0090180104.0008emitessnouRsE NuNgspolx.104.0127.---cop.007Essomessmsbobteseeessts t

DEPT NE,C TYPE
AN/S10400 RADAR REPEATER E T LOCK

--- --- CURRENT FUTURE ----------
QUAL OACK CONY LEN QUOTAS CHNG OFF QUOTAS LEN CONV
TIDE LOS PER YR 1111S BUPRS CLASS DATE SET BUPRS CLASS WKS PER YR

12.0 WKS 0 WKS 4 3.0 4 4 0 0 0 0 0.0 0

TPF FIELDS: SUPERS ANNUAL PCT PCT
DEMAND DEMAND UTIL NOSHOW

9 0 0.0 0.0

INDEX RATIO INSTRS HOURS TYPE GROUP
I 2.0 1 54.0 LAS 2
2 2.0 1 34.0 LAB 1

3 4.0 1 36.0 THEORY 1

RELATED COURSES: COP GROUP
SOW 2

INSTRUCTORS: NUMBER NAME
14h CH1LLDRES
213 MCCLEARN
21S WARD
217 JAMES

CLASSROOMSs BUILDING ROOM CAPACITY
N-25A 139 4

PCT
NONACDIS

0.0

EQUAL ASSIGNED? GROUP
100 YES 1

100 YES 2
100 NO 1

100 NO 1

TYPE REQUIRED AVAILABLE
BOTH 90.0 2040

FIGURE II-11 DATA BASE LISTING - COURSE 007E

90011010810,0**008101*****COURSE MORSERwA-104-01S8----CDP.147wernessesiorne$86108011 (
& COURSE NAME DEPT NEC TYPE

AN/SPASO RADAR REPEATER E T LOCK

CURRENT - - --- FUTURE
QUAL BACK CONV LEN QUOTAS CHNG OFF QUOTAS LEN CONY
TIME LOG PER YR WKS SUPRS CLASS DATE SET BUPRS CLASS MKS PER YR

8.0 WKS 0 WAS 4 2.0 4 4 0 0 0 0 0.0 0

TPF FIELDS: SUPERS ANNUAL PCT PCT
DEMAND DEMAND UTIL NOSHOW

8 0 0.0 0.0

INDEX .RATIO INSTRS HOURS TYPE GROUP
1 2.0 1 40.0 LAB 1

2 4.0 1 20.0 THEORY 1

3 2.0 1 40.0 LAS 2

RELATED COURSES: COP GROUP
007E 2

INSTRUCTORS: NUMBER NAME
196 CHILLORES
213 MCCLEAAN
21S WARD
217 JAMES

CLASSROOMS: BUILDING RO]M CAPACITY
N-2SA 113 4

Aar

PCT
NONACDIS

0.0

EQUAL
100
100
100
100

ASSIGNED? GROUP
NO
YES 2

YES 1

NO 1

TYPE REQUIRED AVAILABLE
BOTH 60.0 2010

FIGURE 11-12 DATA BASE LISTING - COURSE 347W
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DOTS SUPPORT UTILITY---SCRR MODEL INTERFACE

ROOM m-194216 - 2080.0 HOURS AVAILABLE. 325S - 105.0

Rfl0M N-19A217 - 2080.0 HOURS AVAILABLE. 510V 18.0 5687 - 42.0

400M N-194218 - 2080.0 HOURS AVAILABLE. 9317 - 10.0 9318 - 4.0

ROOM N-19A220 - 2080.0 HOURS AVAILABLE. 511T - 24.0 511Y - 6.0

ROOM N-194k2I - 2080.0 HOURS AVAILABLE. 510X - 12.0 5102 - 12.0

ROOM N-I94222 - 2080.0 HOURS AVAILABLE. 9317 - 16.5 9318 - 26.0

ROOM N-25A0PN - 2080.0 HOURS AVAILABLE. 4946 - 48.0

ROOM N-25A102 - 2080.0 HOURS AVAILABLE. 323Y - 300.0

Ram N-25A104 - 2080.0 HOURS AVAILABLE. 350T 60.0

ROOM N-25A106 - 2080.0 HOURS AVAILABLE. 7798 - 180.0

ROOM N-25A108 - 2080.0 HOURS AVAILABLE. 4970 240.0

ROOM N-254109 - 2080.0 HOURS AVAILABLE. 0196 - 120.0 511* - 21.0

ROOM N-254110 - 2080.0 HOURS AVAILABLE. 7746 - 60.0

ROOM N-25A112 - 2080.0 HOURS AVAILABLE. SIIR - 12.0 7834 - 180.0

ROOM N-25A113 - 2080.0 HOURS AVAILABLE. 347$ - 60.0 348C - 60.0

ROOM N-25A120 - 2080.0 HOURS AVAILABLE. 3416 180.0

ROOM N-25A122 - 2080.0 HOURS AVAILABLE. 538* - 90.0

ROOM N..25A125 2080.0 HOURS AVAILABLE. 347Y - 60.0

ROOM N-254126 - 2080.0 HOURS AVAILABLE. 3543 - 60.0

ROOM N-25A127 2080.0 HOURS AVAILABLE. 7668 - 150.0

ROOM N-254128 - 2080.0 HOURS AVAILABLE. 3690 60.0

ROOM N-25A130 - 2080.0 HOURS AVAILABLE. 3636 - 150.0

ROOM N-25A139 - 2080.0 HOURS AVAILABLE. 007E - 90.0

ROOM N-254144 2080.0 HOURS AVAILABLE. 0402 - 60.0

ROOM N-254147 - 2080.0 HOURS AVAILABLE. 3SOS - 60.0

ROOM N- 25A140 - 2080.0 HOURS AVAILABLE. 4601 - 30.0 7754 - 77.0

ROOM N-25A150 - 2080.0 HOURS AVAILABLE. 5699 60.0

ROOM N-25A151 - 2080.0 HOURS AVAILABLE. 511V - 30.0

ROOM N- 25A152 2080.0 HOURS AVAILABLE. 3232 - 240.0
410,

FIGURE 11-13 SCENARIO 1 - REQUIREMENTS SPECIFICATION LISTING EXCERPT
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From the related course data, instructor 213 also instructs course 347W. This
information is duplicated in the specification listing. Examination of the
data base listing for course 347W, indicates that instructor 213 is utilized
for 40 hours of lab instruction and is also instructing course 007E.

Examination of Figure 11-12 shows that instructor 215 is required for 20 hours
of theory and 40 hours of lab instruction for each course 347W convening. He
does not instruct any additional courses. Instructor 215 is the only member
of IG036 (Figure II-10). Again, the SCRR interface output agrees with the
data base listing.

Classroom and lab requirements are also compiled and summarized by the SCRR
interface program. The data presented in Figure 11-13 for classrooms N-25A
113 and N25A 139 agree with the data base listing for each course.

Formatted MPSX Input Data. The second phase of the SCRR interface program
reformats the linear programming problem matrix, containing course require-
ments for instructors and classrooms, to meet MPSX input requirements.
Examination of the formatted MPSX input (Figure 11-14) will verify that the
interface program has successfully manipulated the requirement matrix to pro-
vide the MPSX routine with accurate input data. The left column in Figure
11-14 is the course number; class capacity is designated by "thruput";
instructor and classroom requirements are in hours per convening.

007E THRUPUT 4.00000 10001 90.00000
007E 1G002 54.00noo N...254139 90.00000
0114 THAUPUT 10.00000 10003 78.00000
011A 4-30.180 42.00000
0129 THRUPUT 20.00000 111004 75.00000
0129 ir,nns 15.00000 15.00000
0129 1.-/h.MPL 15.00000
0196 THRUPUT 20.00300 10006 120.00000
0196 N-254104 120.00000
0284 THRUPUT 25.00000 IG007 24.00000
0284 1;;OOP 6.00001 N-19A202 10.00000
0283 THRUPUT 25.00000 16001 30.00000
0286 4...194204 30.00000
0294 THRUPUT 25.00003 10008 6.00000
0294 16010 24.00000 N-194262 30.00000
0246 THRUPUT 25.00000 10004 60.00000
0296 N-1911112 60.00000
0402 THRUPUT d. 00000 10011 60.00000
0402 IG012 48.00000 N25A144 60.00000
1391 THRUPUT 24.00000 16013 60.00000
1391 '4- 30.176 6.50000 N...30.244 51.50000
2105 THRUPUT 6.00000 16014 108.00000
2105 N-194207 60.00000
2398 THRUPUT 20.00000 10015 42.00000
2398 N-10.324 36.00000
2399 THRUPUT 16.00000 10016 18.00000
2399 N-30.207 18.00000
304U THRUPUT 6.00000 10017 60.00000
3040 10018 18.00000 10019 41.00000
304U N-254231 60.00000
3052 THRUPUT 8.00000 10019 37.00000
3052 10020 137.00000 N-254167 47.00000

1,

FIGURE 11714 FORMATTED MPSX INPUT EXCERPT

BEST COPY AYAILABli
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SCRR Output - Resource Data. The objective of,the SCRR linear programming
model was set to maximize student throughput (see operating procedures,
Volume III, Section II, Page 11-8). Because the availability of several
resources was less than the minimum requirement, the MPSX routine could not
identify a feasible solution to the stated problem. For example, Figure
11-15 indicates that IG004 has a total availability of 2000 hours. 1G004
utilization, which in this case is equivalent to the minimum 1G004 require-
ment, is 5958 hours. A feasible solution cannot be identified until IG004
availability is equal to or greater than the specified minimum requirement.
All negative quantities in the "hours under utilized" column in Figure 11-15,
represent insufficient resource availability. In all, 26 infeasibilities
were discovered in the master data base. Each of these infeasibilities was
checked to determine if the source of the error was the SCRR model software
or the data contents of the master SCRR data base. In all cases, the SCRR
output was found to be totally accurate.

The SCRR - Resource Data. The SCRR output from scenario 1 provides an excellent
tool for auditing the master DOTS data base prior to installation of the model
at the test location. Each of the resource infeasibilities should be examined
to ascertain the possible cause or causes. Requirements could have been over-
stated because of a low student/instructor ratio. .A low course utilization
rate will also inflate requirements, since requirements are currently calcu-
lated based on class capacity and do not consider utilization rate. For
example, IG062 and IG063 show requirements greatly in excess of availability.
We find, from the specification listing, that both these instructor groups
instruct course 509V (Damage Control/Firefighting, Shipboard). This course
can handle up to 288 students simultaneously (144 in the Firefighting portion
and 144 in the Damage Control section). Even with a student/instructor ratio
of 24:1, six instructors from Firefighting and six instructors from Damage
Control are required for this course. However, the utilization rate for this
course is just over 50 percent. Reducing the class size by one-half will re-
duce the instructor requirements for 509V by one-half also. Although this
example points out the need to modify the SCRR model to include course utiliza-
tion rate (a change that is currently planned for Phase III), it also demonstrates
that all model results should be interpreted and modified as required to account
for simplification or assumptions built into the model.

In addition to overstating requirements, the infeasibilities may also result
from understating availabilities. Perhaps one or more instructors have not
teen identified as available to instruct a course they are actually teaching,
or individual instructor availabilities may exceed the average figure of 1000
hours per year currently assigned to all instructors in the master data base.

The existence of infeasibilities in the LP problem constraint equations does,
however, facilitate the checking of several SCRR model software subroutines.
The MPSX control language program did store the infeasible solution on disk
storage and the output formatting program was able to interpret the stored in-
feasible solution (which d;d not include the sensitivity analyses results) and
print only the LP solution results, leaving the sensitivity analysis results
columns blank.

Resources listed at 100 percent utilization in Figure 11-15 should not be
interpreted to mean that those resources are currently 100 percent utilized.
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Since the objective of this problem formulation was to maximize student through-
put, the resource data output represents the utilization that could be achieved
if student throughput were maximized by establishing the number of course con-
venings indicated by the SCRR course data output.

SCRR Output - Course Data. The SCRR course data output depicts the number of
convenings for each course which would result in maximum student throughput
subject to current resource limitations. In the event of an infeasible solu-
tion, as is the case for scenario 1, the number of course convenings for those
courses with insufficient resources is entered at the minimum requirement,
even though sufficient resources to meet the requirement do not exist. Also,
as with resource data, the sensitivity analysis results columns remain blank
since no sensitivity analysis was performed.

Figure 11-16 indicates that sufficient resources are available to convene course
007E 6.2 times per year. Practically speaking, unless 0.2 convenings is inter-
preted to represent a class which is convened but is only 20 percent complete
at the end of the year, 6.2 convenings could be reduced to 6 convenings per year.
This is 50 percent more than the presently scheduled 4 convenings per year. The
formatted MPSX input (Figure 11-14) indicates that 16001 and 16002 are both re-
quired for course 007E. Referring to the Requirements Specification Listing
(Figure II-10), we note that, in addition to 007E, 16002 also instructs course
347W. The optimal number of convenings for 347W is 16.7, which requires 668
1G002 hours (16.7 convening A 40 hours per convening). 16002 has 332 hours
(1000 minus 668) availability remaining to devote to course 007E, which at 54
hours per convening, can be convened 6.2 times. 16001 will utilize 556 hours
(6.2 convenings x 90 hours per convening) of the total 1000 hour availability.
The above calculations demonstrate that data base integrity is maintained
throughout the entire SCRR model, from initial data base input through the
specification listing and MPSX formatted input, to the final SCRR resource and
course data outputs.

The SCRR course data output for scenario 1 indicates that sufficient resources
are available to convene course 007E 6.2 times per year, and course 347W 16.7
times per year. The current number of convenings scheduled per year for both
courses is 4. Both courses also have a student capacity of 4. Therefore, the
current annual demand for these courses is 16. The SCRR output can be inter-
preted several ways. First, sufficient resources currently exist to quadruple
course 347W throughput. Unless course 347W demand quadruples, this information
is not utilized. Second, since the number of convenings can be quadrupled,
current resource utilization must be about 25 percent. This becomes extremely
useful information. The additional available time (500 hours from course 347W
alone) could be utilized for cross-training, assisting in other teaching duties,
or performing other duties as required.

General. 120K bytes was adequate space to execute the SCRR model for the total
125 course data base. However, because of the infeasible constraint equations
in scenario 1, the SCRR model was not run to completion (the sensitivity
analysis was not performed). Scenario 2 will attempt to amend all infeasible
constraints encountered in scenario 1, thus generating an optimal solution and
the sensitivity analysis. The assessment of storage requirements will be
discussed in conjunction with scenario 2.
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SCENARIO 2 - MODIFY MASTER DATA BASE CONTENTS: EXECUTE SCRR MODEL USING
SCRATCH DATA BASE INPUT. The objectives of the second scenario are to:

a. Analyze scenario 1 output to determine the source of scenario 1 in-

feasibilities.

b. Create a scratch clan base.

c. Modify the scratch dt.ta base to eliminate all infeasibilities.

d. Execute the SCRR model to obtain an optimal solution and sensitivity
analysis report.

Scenario In ut Data. For the purpose of this scenario, the data infeasibilities
wi e e m na e by increasing the availability of those resources for which
requirements exceed availability, thus enabling the model to compute a sensitivity
analysis report for illustrative purposes. As stated in the scenario 1 discussion,
understatement of resource availability represents only one of several possible
explanations. The data for all courses for which requirements exceed availability
should be examined on an individual basis to ascertain the reason for the incon-
sistency. Increasing availabilities to equal requirements is not intended to
represent a realistic solution to the problem.

Using the SCRR resource data output (Figure 11-15) and the Requirements Speci-
fication Listing (Figure II-10) from scenario 1, the data base modifications
required to eliminate the data inconsistencies can be determined. For example,
IG004 availability is 3958 hours less than stated requirements. Figure II-10
indicates that instructors 137 and 140 make up IG004. Increasing the avail-
ability of each of these instructors to 2979 hours per year (one-half of the
instructor group minimum requirement) will eliminate the IG004 infeasibility.
Similarly, IG005 availability is 446 hours less than requirements. Increasing
the availability of instructor 142 to 1446 hours will correct this inconsistency.
The same procedure was followed for all negative entries in the "hours under
utilized" column. The availabilities of 24 instructor groups, which include a
total of 78 instructors, were modified following this technique.

The master data base should not be modified until the data base audit has been
completed and the true causes for the data inconsistencies have been identified.
Therefore, a scratch data base was created. Modifications can be made to the
scratch data base while the master data base is left intact. To create a scratch
data base, the user need only select the appropriate Job Control Language (JCL)
card deck (see SCRR model operating procedures, Volume III, Section II). To

make the required modifications, the user should use the Instructor File Load/
Change Form (Figure II-17), making entries only in those columns for which
changes are required. To change the availability of instructor 137 from the
current 1000 hours to 2797 hours, a "C" is entered in column 1 of the change
form to indicate that the entry represents a change; the instructor number is
entered in columns 2-4, and the new availability is entered in columns 43-47.
The data base course file can be updated using the course file change forms
which are discussed in the data base section (Volume III, Section V).

Processing the JCL to execute the SCRR model, indicating the scratch data base
as the data source, completes the input data requirements for scenario 2.
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$pecjj3 Run Conditions. Scenario 2 will formally test the following SCRR model
software routines which were not exercised In scenario 1:

a. Scratch data base creation.

b. Data base modification.

c. MPSX sensitivity analysis.

d. Sensitivity analyses output formatting.

Test Run Output. The entire 125 course data base could not be processed by the
SCRR model software because of insufficient storage availability on the computer
used for model development. The problem occurred during the execution of the
MPSX sensitivity analysis. Since MPSX source code was not available, internal
storage allocations could not be modified. However, the ability to process all
courses in the data base simultaneously is not essential to the operation of
the SCRR model. The user has the capability to select, by school, which courses
are to be copied from the master DOTS data base to the scratch data base. The
SCRR model results will be identical whether the model is run for a single
school or for all schools, since each school's resources are independent; i.e.,
instructors and classroom space are not shared between schools. Interdepen-
dencies do not cross school lines.

To obtain the final results for scenario 2, the SCRR model was run four times.
A scratch data base consisting of courses from one to five schools was created
for each run. It was not necessary to recreate the instructor file in the
scratch data base for each run. Excerpts from scenario 2 SCRR results, includ-
ing the sensitivity analysis, are presented in Figures 11-18, 11-19, and 11-20.
Computations similar to those described in the scenario 1 discussion were made
to verify the accuracy of the model results.

SCENARIO 3 - REALLOCATE IT/AD SCHOOL RESOURCES TO MEET PRESENT TRAINING RE-
QUIREMENTS. This scenario is presented to demonstrate the utility of the SCRR
model in the analyses and solution of a typical management problem. The ob-
jective of the scenario is to present a problem-solving technique rather than
to generate a solution to an existing problem.

The IT/AD school courses were selected from the master data base to form a
scratch data base containing only'IT/AD school courses. The SCRR model was
executed using this scratch data base as input. The results of this model
run are presented in Figures 11-21, II-22, and 11-23. The SCRR resource data
output (Figure 11-22) indicates two instructor groups for which requirements
exceed availability.

IG002 consists of 12 instructors who teach only the Basic Instructor Training
course (CDP - 3400). Assuming that the instructor requirements listed for
this course are correct, an additional 4320 hours per year must be allocated
to IG002. The first step is to examine the contact hour availability of each
instructor in 1G002 (see Figure 11-21). Since the course material for course
3400 is relatively static, the course instructor's contact hour availability
should be greater than average. For the purpose of this analysis, we will
assume that the availability of each instructor in IG002 should be increased
to 1100 hours. Since this adjustment still leaves 1G002 total availability
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COURSES, NUmPtA CAPACITY WINyENIRGS AtuuiRINPRIS
4410 2* 24 30

HOURS

IOU!)
1000

FIGURE II-21 SCENARIO 3 - REQUIREMENTS SPECIFICATION LIST - IT/AD SCHOOL
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C 4 4
LP 0P/14A3 101011011 440 044111V114 45431Sli

41S0uac ImA0uOmPufplum 644vAL moms PISCES, urititAttn4 CHANGERISOWICS 00410111M uliLjzAijim WM WI/1MM PER UNIt4mnu2S1 11400$1 01111i0 MINIMUM 0/00UAL1
661114101 Li46N0i

1001

1000?

trout

6000

(2000

11000

11000

10120

3000

0

.6320

0

100

136

100
10004 2000 2368 .08 110
15004 4000 1120 600 76
1G006 5000 1000 0 100
1007 4000 2496 1304 81
10002 2000 2000 0 100
L28..41 2080 iss2 446 71

2050 1411 441 78
1.28.41 2080 1020 1060 49
1-211..02 2000 1440 660 69
124.45 200 1640 660 69

20110 1660 660 69
L.21..C9 2000 1139 941 SS
1211.47 2080 1440 640 69
3.28.49 2010 720 1360 35
L20.0I2 2000 16)2 644 70
111.0I3 1010 2020 0 100
L.28.313

1642 446 78
1.0416 2080 417 166) 20
L.28.017 2050 1612 448 7$
1.28.C18 2080 417 1461 20
124421 2080 2000 SO 96
1.21422 2050 1812 661 7$
1.28.C23 2040 2000 0 100
L.24.09. 2080 1846 214 90
4.20201 2040 3412 600 71
4-256202 2080 147? 608 71
420104 2020 147? 604 71

4-1,141/04 2080 3472 600 71

4244112 2040 1472 60$ 71

FIGURE 11-22 SCENARIO 3 - SCRR RESOURCE DATA OUTPUT - IT/AD SCHOOL

SWIMS OILS

COUISi ussfsuM CusiltniCOP v0. ANNUAL SCNEOULIO
CONVWNGS COVINIOS

SCR
LP 14A1 SOLUVION'AND SINS1715175 ANAL4S11

CLASS
INPUT

CAPACITY

)192 40.1 SY 20
3400 41.0 411 )0
3401 17.* 24 2S
2491 10.0 10 14
4300 )4.7 24 20
5I61 14.0 24 10
3164 63.? 24 20
3)60 61.3 It IS

4410 66.1 24 20
408 4.0 4 16

Mum. fmsout,Npuf
CututENINOS cumg.t
- .BARGE -.. 10 MAST
P14Inum CONVENING
0214U4 CHANGE

CLASS
CAPACITY
RNIGE
Inwor

FIGURE 11-23 SCENARIO 3 - SCRR COURSE DATA OUTPUT - IT/AD SCHOOL
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more than 3000 hours short of the course requirement, further adjustments
will have to be made.

The next step is to examine course utilization, which for course 3400 averages
about 85 percent. Considering course utilization, the actual class size is
approximately 25 rather than the listed capacity of 30 students. Referring to
the data base listing for 3400 (Figure II-24), it is noted that 27.0 hours are
required with a 5:1 student/instructor ratio. Taking the utilization into
account reduces the instructor requirement from 6 to 5 for that portion of the
course. The annual requirement for the course can be reduced by 1296 hours
(27 hours per convening x 48 convenings per year).

Initial analysis has resulted in increasing the availability of IG002 by 1200
hours and decreasing course 3400 annual requirement by 1296 hours. The next
step is to examine the resource-requirement relationship of other IT/AD school
courses. Figure 11-23 indicates that courses 536M, 536Q, and 9410 have
sufficient resources available to more than double the number of annual con-
v2hings. Since the utilization for these courses averages 45, 65, and 75 per-
cent respectively, it seems reasonable to assume that the demand for these
courses will not double in the near future. This assumption allows us to
recalculate the requirements for these courses based on current scheduled
convenings.

Course 536M instructor requirements drop to 40 hours per convening when the
calculation is based on average class size rather than class capacity. The
total annual requirement for 536M becomes 960 hours (40 hours per convening
x 24 convenings per year). IG006 (see Figure 11-21) also instructs course
536L. The annual requirement for 536L is 1392 hours (58 hours per convening
x 24 convenings per year). Summing the requirements for 536L and 536M,
IG006 minimum total requirements become 2352 hours per year. Current IG006
availability is equal to 5000 hours per year. From the instructor file
listing, it is noted that instructor 53 will be rotated within two months.
Instructor 54 (a random selection from four remaining IG006 instructors)
will be assigned to course 3400.

Course 536Q has d minimum annual requirement of 900 hours (36 hours per con-
vening x 25 convenings per year). IG007 teaches only course 536Q and has a

total annual availability of 4000 hours (Figure II-21). Since 536Q has a
requirement for two instructors for one-half day of the one week course,
IG007 will be reduced to two instructors with a total availability of 2000
hours (still double the minimum requirement). Instructor 48 will be reas-
signed to course 3400. Instructor 49 will be reassigned to course 3691.

Returning to Figure II-22, the second resource for which availability is
less than total requirements is IG004. IG004 consists of two instructors,
38 and 39. A check of the instructor file listing shows that instructor
39 is scheduled to be rotated within the next two weeks. Therefore,
instructor 39 will be removed from the course file; he will be replaced
by instructor 49 who will be reassigned from course 536Q.

Course 3691 has a class capacity of 16, but an average utilization of 35 per-
cent. Therefores.the average class size for this course will be adjusted
to 6 per convening. Course 3691 has a 4:1 student/instructor ratio for 48.0
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050240.91491M11.011110101000UASE MUMBERIIA 0120011...CDP01400MIMM************ t

....m.....m...... mmmmmmm ...cuultEE NAME DEPT NEC TYPE

BASIC iNSTRUCTOR TRAINING IALPHAI IT/AD 9302 LOCK

CURRENT - - - -- FUTURE

QUAL BACK CIP4V LEN QUOTAS CHNG OFF QUOTAS LEN CONIV

TIME LOG PER YR MRS PUPAS CLASS DATE SET Baas CLASS MKS PER YR

16.0 WKS 10 MKS 4R 4.0 21 30 0 0 n 0 0.0 0

TPF FIELOSs RUMS ANNUAL PCT PCT pCT

OEMANU DEMAND kali. NOSNIA NuNACD1S
934 220 1.2 0.4 lLi.,

INDEX RATIO OINSTRS HOURS TYPE GROUP
I 9.0 6 0.0 LAO I
2 10.0 1 49.0 LAP 1

3 10.0 1 41.0 NOR,/ 1

INSTAUCTORSI NUMBER NAME %QUAL ASS16NeD7 GROUP
21 PiROuN 100 NU 1

14 BROW: dt YS 1

211 CRISHAN 40 YES 1

26 COFFY 30 . YES 1

17 NOTGAASS dO 'Ifs 1

18 ELWELL 60 YES 1

29 MAYO 10 ',kb 1

30 COOPIlt 11 YES I
14 PEARSON tb YES 1

11 AMC,/ 60 YES I
34 POUR 71 YES 1

36 TRENT is US 1

IT WILLIAMS 65 YES 1

CLASSROOM BUILDING ROOM CAPACITY TYPE REDUI1D AVAILABLE
L0* At 15 BON 34.0 2080
L211 AZ 1S BOTH 34.0 2080
L21% C2 SO LECTURE 10.0 2080
L-28 C3 30 LECTURE 30.0 2010
L-2A C4 30 LECTURE 30.0 2080
L-28 CT 30 LECTURE 30.0 2080
L-211 C12 IS BOTH 34.0 2080
L-78 CIS IS BOTH 34.0 2080
L-28 C1T IS BOTH 34.0 2010
L-24 C2i LS BOTH 34.0 2010

FIGURE 1I-24 DATA BASE LISTING - COURSE 3400

Q36411seme4iletim6eslincuRSE NumStRR-012-0036----LuPs36911414401116t666o wells***
..... ...... coum NAME DEPT NEC TYPE
P1061ANNED INSTRUCTION TECHNIQUES (OSCAR) IT/AD 9506 LOCK

CURRENT FUTURE -
QUAL BACK CO4V LEN QUOTAS CHNG OFF QUOTAS LEN CONv
TIME LOG PCR 141 MKS HUPRS CLASS DATE SET RUINS CLASS MKS PER YR

12.0 NKS 0 MKS 10 3.0 0 16 0 0 0 0 0.0 0

TPF PIRGS: WPM ANNUAL PCT PCT PCT
DEMAND uEmAsu UTIL NOSHON NONACOIS

0 SS 0.0 I8.3 0.0

INDEX RATIO OINSTRS HOURS TYPE GROUP
1 16.0 1 14.0 THEORY 1

2 4.0 4 41.0 LAB 1

3 16.0 1 3.0 LAP 1

RELATED CUURSESI L06 GROUP
149A

INSTRUCTORS: NUMBER MAME fOUAL ASSIGNED? GROUP
311 SHERMAN 100 YES 1
39 GREENE 100 YES 1

CLASSROOMS, BUILDINIi 400m CAPACITY TYPE REQUIRED AVAILABLE
L-21 t1 16 BOTH 90.0 2010

FIGURE 11-25 DATA BASE LISTING - COURSE 3691
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hours of lab instruction (Figure 11-25). Based on a class capacity of 16,
a total of four instructors is required for the lab period. However, this
requirement is reduced to two instructors when the course utilization is
considered. Recalculating the instructor requirement for course 3691, based
on a course utilization of 35 percent reduces the requirement per convening
from 234 hours tc$ 138 hours (1 instructor x 39 hours + 2 instructors x 48
hours + 1 instructor x 3 hours).

Course 9498 is also instructed by IG004. Based on an average utilization rate
of 5 percent, the instructor requirement per convening can be reduced from 57
hours to 30 hours. The number of course convenings shoul6 also be decreased
from 4 to 1 time per year.

The data modifications suggested by the preceding analysis will ensure that
all IT/AD school resource availabilities are greater than or equal to their
requirements. It is fully admitted that some of the assumptions which were
included in the analysis may be unrealistic; and that the personnel trans-
fers which were indicated may not be feasible. However, as was pointed out
earlier, the objective of this scenario is not to solve an existing real-
world problem, but to demonstrate how the SCRR model data might be used to
solve such a problem.

Scenario Input Data. The data modifications resulting from the preceding
analysis are summarized below. These changes were made to the scratch data
base, both the course and the instructor file. The SCRR model was then rerun
against the updated scratch data base.

a. All members of IG002 - increase availability to 1100 hours.

b. Delete instructor 048 from 536Q; add instructor 048 to course
3400; instructor 048 availability = 1100.

c. Delete instructor 054 from 536M; add instructor 054 to course
3400; instructor 054 availability = 1100.

d. Course 3400 - decrease instructor requirement to account for
utilization rate.

e. Delete instructor 039 from 3691.

f. Delete instructor 049 from 536Q; add instructor 049 to course
3691.

g. Course 3691 - decrease instructor requirement to account for
utilization rate.

h. Course 9498 - decrease instructor requirement to account for
utilization rate.

i. Course 9498 - decrease number of annual convenings.

Special Run Condition. The SCRR model was executed using the updated scratch
data base previously described as input data.

11-49

64



TAEG REPORT NO. 12-2

Design Criterion Tested. Scenario 3 required a management analysis of an
initial SCRR model run. The scratch data base was then modified and the
SCRR model rerun to verify that the modification produced the desired effect.
An important operational feature of the SCRR model is the ability to easily
and quickly modify the input data and rerun the model.

Test Run Output. Tht results of implementing the suggested modifications
can be easily assessed from the SCRR model output presented in Figures II-
26, 27, and 28.

SCENARIO 4 - PERFORM INSTRUCTOR AVAILABILITY PARAMETRIC ANALYSIS. The ob-
jective of this scenario is to present an information-oriented application
of the SCRR model, as opposed to the problem-solving application demonstrated
by scenario 3. Perhaps the most significant variable considered in the SCRR
model is instructor availability. Instructor availability is defined as the
number of hours per year an instructor is available for classroom instruction
Specification of availability is meaningless unless a requirement to utilize
the available time can be identified. All course descriptions identify very
specific instructor contact hour requirements. The problem we are faced with
is that although contact hour requirements are very specific, contact hour
availability has been difficult to evaluate. Several attempts have been made
to set standards for contact hour availability, but because of the high vari-
ability in requirements of activities outside the classroom, these standards
have met with little acceptance.

Each instructor entry in the master DOTS instructor file has an availability
figure associated with it. Initially, all availabilities were set equal to
1000 hours per year (1000 hours represents an approximate average of exist-
ing availability standards). The ultimate goal. of the data base is to
establish availability on an individual basis. Availability, although
tailored to the individual, will be a function of the set of jobs the indi-
vidual is responsible for performing.

A parametric study of availability can achieve two objectives:

a. The total impact of instructor availability on the training
complex capabilities will be dramatically demonstrated.

b. The study can help to establish some acceptable limits of
instructor availability within which the training complex
can operate effectively.

Scenario Input Data. To limit the data input requirements as well as the
volume of model output, the parametric study is limited to a single school.
The courses for the ASW school are first transferred to the scratch data
base along with the instructor file contents. The availabilities of the
14 ASW instructors are initially set equal to 700 hours per year. The SCRR

model is run using the scratch data base as input. Instructor availabilities
are increased in increments of 100 hours per year to a total of 1200 hours.

Each change requires only a simple modification of the scratch data base
instructor file. The course file does not have to be modified. The SCRR

model is executed after each instructor file update.
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OOTS SUPPORT UTILITYSCAR mnOEL INTERFACE

INSTRUCTOR GROUP 001s NURSER RAW NOUNS
11 .10NNSON loon
SS mistAIRCt4 1000
S6 lAYIIIR MIA
SI HILLOCK IOnn
S8 tolSON 1000
S9 ALLAY Urn
.0 mOn0 000
61 PAW, inur

COURSES' NURSER CAPACITY CONVEN110 01A0fvfmr 41,
1112 20 3? 141

INSTRUCTOR GROUP 0021 NURSER NAM Mi114.,

.24 BROWN 141
2S CAISmA4 Ion
26 COM, 100
2T InTOPAS$ 100
28 EtwEtt Inn
29 MAvn 100
In COMP 100
32 Pf.W.11!: 100
13 RICKY 100
34 nOnt 100
I* TAW inn
17 WILLIAMS ton
48 hAKFI 101
b4 PA818 100

COMES, NUMBER CAPACITY CONVENINGS M120IsfmgNIS
1400 30 48 si1

INSTRUCTOR CROUP 0031 NUMBER NAM'. NOUNS
18 80wRAN 1000
II Flits 1000
31 000Cm 1000

COMRSSIls NUMBER CAPACITY CONVEN1N6S 11E4014EmFNTS
1401 IS 14 118

lafaucTos GROUP 004$ NUMBER NAME
IB SNruPA.
49 1117A1

CSINSISs WOOER CAPACITY CONVENINGS REQUIREMENTS

HOURS
1000
1000

1691 16 In 116
9418 16 1 30

Instaucroa GROUP COSI NURSER NAME URS
42 NAMUR 1000
43 utONNE 1000
44 CRAIG 1000
4S CENRAN 1000

COURSES' NUMBER CAP CITY
go

TY CONVENINOI REQUIREMENTS
SO a,

IINTRUCTO* GROUP 0061 NURSER NAME HOURS
SO POLING 1000
SI COROELt 1000
12 sitTRUCCI 1000
13 tetLING 1000

COMM NUMBER CAPACITY CONVENINGS REQUIREMENTS
1384, 20 24 18
136M 20 24 18

INSTRUCTOR GROUP 0071 NUMRPR NAME NOUNS
48 MCFATAIOCA 1000
47 %7GOICK 1000

COURSES' NURSER CAPACITY CONvENINGS REQUIREMENTS
3364 1S as 36

FIGURE 11-26 SCENARIO 3 - REQUIREMENTS SPECIFICATION LISTING - FINAL RESULTS
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6 C 0
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11141111ELL

RESOURCE THROUGHPUT
ANNUAL ANNUAL HOURS PERCENT UTILIZATION CHANGE LIMITING

MISOURCE AVAILASILITY UTILIZATION UNDER UTILIZATION ....BASfil..._ PEA UNIT EARIA80
INCURS) IHOURS1 U7111200 MINIMUM RESOURCE

MAXIMUM CHANGE

10001 000 6000 0 100 6011.0 0.122 3192
11301.1 0.123 9-254222

10002 15400 1i600 0 100 13026.0 4.096 MOO
19166.2 0.096 1-28.022

16003 3000 1000 0 100 2362.0 0.231 3401
3679.0 0.231 1-111..0

10004 2000 2000 0 100 1610.0 +0.513 160A
2360.0 0.933 1211..01

MOOS 4000 3120 ' 680 76 2160.0 0.222 1..211.021
11,0.0 - INFINITY

10006 6000 6000 0 100 2766.0 0.349 516M
6613.1 0.369 1.211.C9.

10007 2000 2000 0 100 900.0 0.417 5160
2696.0 0.617 L-46.1.13

16004 2000 a000 0 100 720.0 "0.667 9416
20110.0 0.667 Oqn.C21

L'iR..AI 2080 1673 407 60 1612.0 0.662 10002
1672.6

1.214.42 2060 1671 407 60 1632.0 .0.662 10002
1672.0 .411,10117,

.2080 1520 460 73 430.0 0.433 10004
1520.0

L+28..C2 2060 1416 604 11 1440.0 1.000 10002
1476.0

4..28.41 2050 1476 604 VI 1440.0 -1.000 10002
1476.0

L+26..04 2060 1476 604 71 1440.0 10002
1476.0 -INFINITY

..CS 2060 1139 941 SS 964.0 14003
1116.4

L8..C7 2080 1416 604 71 1440.0 10002
1476.0 - INFINITY

L`2111..C6 2080 720 1360 36 720.0 -INFINITY
1149.0 0.000 3161.

1211.C18 2080 1613 407 60 1632.0 -0.662 10002
1672.6

1,4111413 2080 1661 411 SO 740.0 -0.300 10007
1666.7

1.0111.C10 11111 1673 407 ss 1662.8 3.11182 10002
1673.8 - INFINITY

.28.016 1010 411 1663 20 360.0 10003
416.7 - INFINITY

L-26.415 1010 1673 407 so 1632.0 -0.662 10002
1672.6 - INFINITY

10481418 417 1663 20 360.0 16003
416.10 - INFINITY

L28.C21 2080 2000 110 96 720.0 '4.601 16008
2000.0 - INFINITY

L28.C22 2010 1671 407 110 1632.0 10002
1612.6 - INFINITY

1618.013 2080 2080 0 100 1440.0 4840
E066.7 0.333 10004

L -12.04. 10.0 110 711 63 T20.0 0.000 SUL
1149.0

imam 1472 608 71 1110.0 -0.667 16001'
1472.4 - INFINITY

42,100188 aces 1672 608 71 1110.0 .4.667 10001
1472.4 - INFINITY

11418201 2010 1472 608 71 1110.0 -0.667 10001
1472.4 - INFINITY

0416286 2000 1472 608 71 1110.0 10001
1472.4

00818821 2080. 1472 608 71 1110.0 10001
1472.4 '4617111177

FIGURE 11-27 SCENARIO 3 - SCRR RESOURCE BATA OUTPUT - FINAL RESULTS
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SCAR
LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS

ANNUAL THROUGHPUT CLASS
COURSE MAXIMUM CURRENT '

CLASS CONITENINGS CHANGE CAWITY tINITI9G
GOP NO. ANNUAL SChEDULTO INPUT ..11114L...'"o PER COURSE WOE vARIAKE

CONVINING$ G0119E9145 amply optimum CONVENING MINIMUM

MINIMUM CHANGE MUNI

1190 0.1 17 20 -INFINITY -20.0 0.0 1G001
49.1 -INFINITY INFINITY

3400 0.2 4A 10 -INFINITY -30.0 0.0 10002
49.2 -INFINITY INFINITY

1401 22.0 24 IS - INFINITY -25.0 0.0 11.003
27.8 -INFINITY INFINITY

101 10.0 10 16 -T., 57.6 -INFINITY t-28..61
14.1 -57.6 13.6 9495

601 14.7 44 20 -INFINITY -20.0 0.0 1.-da.C23
14.7 -INFINITY INFINITY

SUL 26.0 24 20 -0.4 0.0 -INFINITY L-te.C9.
0.0 -0.0 20.0 SUN

SSW 43.0 24 20 -0.4 0.0 20.0 S3AL
0.0 -INFINITY tNFINITV

3340 33.6 2S IS INFINITY -13.0 0.0 10007
11.6 -INFINITY INFINITY

9410 s4.7 24 20 -INFINITY -20.0 0.0 1000
$4.7 -INFINITY *IMPINIT9

949n 40.7 1 16 -INFINITY -I2.5 1.3 101
20.7 -INFINITY INFINITY

TOTAL CONVININOS 302.
TOTAL INOUGNOUT 7102.1

FIGURE II-28 SCENAR1u2 SCRR COURSE DATA OUTPUT - FINAL RESULTS
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Test Run Output. The results of the instructor availibility parametric study
are presented in Figures 11-29 through 11-37.

COTS SuPOORT UTILITY.--SCAR 110016 INTERFACI

INSTRUCTOR GROUP 00I1 NuNGIn NAME HOURS
3 HUNT 700

CouRSESs NUMBER CAPACITY CONYININAS REQUIREMENTS
011A 10 12 76

INSTRUCTOR GROUP 0021 MOIR tont Noun1 VISARITNEA 700

COMAS' NUMBER CAPACITY CONyININGS REQUIREMENTS
SIDS 18 6 60

INSTRuCI0A GROUP 0021 NURSER NANA NOVAS0 PAus. 700

COUOSSS1 NuNStR CAPACITY CONVININGS AROUIRIN1911
SOO 1

18
2 6 27

t6OS 103

INSTRUCTOR SROUP 0091 NUNSIR NAOS HOURS
128 ATO000 700
129 COLSON 700

CONOSISs NUNS* CAPACITY couvessuss RIOUIRINENTS
SIGS 10 12 So
ZION 10 so is

INSTINCT'S GROUP 001s WHIR MANE HOURS
ISI STWIIT 700
123 JOYCE 100
11 STINAAT 700

Comuffis malls CAPACITY CONY/N1NGS RIOUIRININTS
3107 1 2 100

INSTRUCTOR GROUP 0061 NuNASA NON HOURS
IRS STEPNINS 700
13 snOWS 700

COUISSSI NuM11R CAPACITV ContININGS REOUIRININTS
10 30 80

INSTRUCTOR GROUP 0071 MOSS* NAN HOURS
IS NILSON 700
1St
O

04000 TOO

COORSISs NUNOSA CAPACITY CORMININGS AfOuIRIRINTSSSP G 18 0

INSTRUCTOR SAOUP 0001 NUMMI RANI POURS

88
81 MIOAS

700
700N M

CONSISs NUMMI CAPACITY CONvININOS AluulAgnsius
SASS 18 ISS

FIGURE 11-29 SCENARIO 4 - REQUIREMENTS SPECIFICATION LISTING - 700 HOURS AVAILABILITY
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BEST COPY AVAILABLE

SCRR
LP OPTIMAL SOLUTION AND SENSITIVITY ANALYSIS

SLIO114 0,111A

RESOURCE THROuGlippiANNUAL ANNUAL MOORS PERCENT UTILIZATION CHANGE 11HIIINE,RESOURCE, AVAILABILITY UTILIZATION UNDER UTILIZATION ..-SAMAL... PER UNI! v4414futMOOS, IHOURSI UTILIZED MINIMUM RESOURCE
MAXIMA CHANGE

PLUNK. 2080 288 1742 14

10001 700 936 436 110

10002 100 160 340 SI

10003 700 792 .92 113

14004 1400 1400 0 100

10003 2100 2600 -300 114

10001 1400 1400 0 100

111001 WO 1400 0 100

MOS MO 1330 -130 109

4.49A120 2000 460 1120 46

11+1911112 2080 680 1600 23

N.40.106 2000 190 1102 10

A30.107 2000 192 1288 38

11204100 2000 270 1010 13

**10.IA/ 2000 1000 1010 40

11010100 MO 1404 176 91

No30.101 2000 1112 468 33

FIGURE 11-30 SCENARIO 4 - SCRR RESOURCE DATA OUTPUT - 700 HOURS AVAILABILITY

Malaga SW
SCAR

1. OPTIMAL SOLUTION AND 11NSITI9113 ANALYSIS

RESOLING! THROUGHPUTANNUAL ANNUAL HOURS PERCENT UTILIZATION CHANGE LIMITINGmrsouscs AVA11.1111.1111 UTILIZATION UNDER UTILIZATION -. AI PER UNIT VARIA1111.IHOUSS) {HOURS) UTILIZED MINIMUM RESOURCE
MAXIMUM CHANGE

PLTLANGA 2010 298 1792 14

10001 900 936 -36 104

10002 900 360 340 40
10001 400 900 0 100

11.004 14100 1100 0 100

1000 7700 2700 0 100

1 11006 1100 1100 0 100

11007 1800 1376 224 68

10008 1100 1702 8 100

4-146130 2080 1080 1000 SI

N.144122 8000 340 1340 26

00.30.106 2080 190 1882 10

M-30.107 2010 900 1160 43

N30.108 2080 316 1764 13

14-30.167 MO 11111 794 *2
N-30.110 2080 2080 0 100
IP-10.181 2000 1412 368 .73

FIGURE 11-31 SCENARIO 4 - SCRR RESOURCE DATA OUTPUT - 900 HOURS AVAILABILITY
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tP OPTIMA& SOLUTION AND SUSUMU ANALYSIS

A1101IACT THA0U01uT
ANNUAL ANNUAL MUMS PEACGAT UTILIZATION CHANGE LIAITiNG

SISOUNCI 1411141111110 UTILISATION UNIX* UTILISATION ...-8114L.-- PEA UNIT V66161111

INMOST tHOUNG1 UTIL2210 MINIMUM REMAKE
NAAINUA CHANGt

LUMS* 2010 1005 941 SS 284.0 -0.113 SlliV

10430 1014114

14001 1000 1000 0 100 436.0 .041* 011A
2703.1 0.011 5I60

14002 1000 $22 1111 $2 W.? -0.169 64q11

622.2 -INFINITY

14001 1000 1000 0 100 792.0 ..0.666 61116

1010.0 0.666 i6naz

14006 2000 2000 0 100 702.0 .0.446 gilnw

11600.0 0.556 FLIISMOR

1000$ 1000 LOGO 0 100 2600.0 -0.160 61111

3200.0 0.160 1404120

16806 2000 2000 0 100 1600.n 0.337 CV.*
2912.n 0.357 v.v.1.

14001 2000 11162 OS 17 576.11 -11.07 ..;an

1576.11 -0.071 MI

16444 2000 1330 610 77 1330.0 -INFINITY
2033.1 -0.116 66.a.

NP101110 AOSO 1200 440 SS 960.0 -0.600 141135

1204.0 '10141TV

101011112 1010 600 1640 20 6400 -0.1110 14,1'1,1

600.0 INPINI0v

0030.106 SOSO 642 161$ 12 213.1 0.270 6690
641.2 INPINIT,

*30.107 10110 1000 1088 AS 192.0 .0.666 iGN4
1000.0 -14.1011,

5-111.104 2040 270 1410 11 270.0 INFINITy
132.9 0.770 'WIN

440.161 2010 1610 601 60 1000.0 -0.3110 Innn6
1421.6 -INFINITY

1040.1110 SOSO 2060 0 100 1116.3 .0.167 ,,1A0

2536.4 0.167 1640
*31.111 2040 007 117S AA 406.0 -1.661 16044

1712.0 -0.113 SIOV

FIGURE 11-32 SCENARIO 4 - SCRR RESOURCE DATA OUTPUT - 1000 HOURS AVAILABILITY
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BEST COPY AVAILABLE

ttsuuut 001A

SCAR
LP (IPTIMAL SOLUTION AND SENSITIVITY ANALYSIS

RESOURCE rmitounspur

ANNUAL ANNUAL NOURS PERCENT UTILIZATION Ck4441 LINITINU

Recount AVAILABILITY UTILIZATION UNDER UTILIZATION ...U... PER UNIT Y4414811

INOURSI 1NOURSI UTILIZED MINIMUM RESOURCE
MINIMUM CHAN6*

PITIANGA 2010 1360 120 65 320.0 -0.333 5101
1360.0 INFINITY

16001 1200 1200 0 100 016.0 0.038 0111

2793.1 0.03 516P

10001 1200 1200 0 100 470.1 -0.149 MOOR
1266.7 0.140 3608

11001 1200 1200 0 100 1170.0 0.114 5604

1524.2 0.114 tnooR

14004 2400 4444 o 100 702.0 -0.596 1104

1480.0 0.556 FLTIANG4

14005 WO 4601, 0 100 1400.0 -0.160 5107

5400.0 0.160 "-I44120

1000* 2400 [400 0 100 1400.0 -.0.337 5364

2012.0 0.317 N-10.167

10007 2400 1414 966 60 576.0 -0.167 N-10.190
1176.0 0.071 I0001 '

1000A 2400 1601 707 a 1530.0 -0.047 IG0i1

2520.9 0.136 16002

K.00180 2000 1440 640 69 060.0 0.400 10005
1440.0 -INFINITY

0110124 2000 720 1360 35 480.0 -0.100 MOOS
720.0 - INFINITY

N10.106 2010 APIO 1420 32 258.4 -0,270 16002
660.0 -INFINITY

0110.107 2010 1200 880 48 1170.0 '1.114 16001

1200.0 INFINITE

W404200 2010 441 1797 14 270.0 0.267 10003
423.3 -0.770 10002

11 0.167 2000 1714 366 42 1000.0 0.500 10006
1714.3 INFINITY

0.40.100 2010 2440 0 100 1222.2 -0.167 5346
1046.2 0.167 IGOOT

N440.101 2000 1040 1040 SO 404.0 1.667 10004

2112.0 .47.331 5104

FIGURE 11-33 SCENARIO 4 - SCRR RESOURCE DATA OUTPUT - 1200 HOURS AVAILABILITY
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BSS tri
SCRS

LP OPTIMAL SOLUTION AND SIMSITINiT, ANALYSIS
LIMA& UAL*

ANNUAL 'PM/MUCH/UT CLASSCowen NAIIIMUN CURRENT CLASS CONVININSS CHANGE CAPACITY LIMITINSCOP NO. ANNUAL SCHIOULID INPUT PER COURSI VARIABLECONDININGS CONVENINSS CAPACITY MINIMUM CONVENING
NASINUN CHANGE NUMNUR

011A 12.0 12 10

SIGS 6.0 to 12

SIOV U.S 12 10

9100 24.0 24 10

9107 24.0 24 1
11$64 40.0 40 10

SIP 21.2 12 S

1441 6.0 6 12

'TOTAL CONVENING' 183.4
TOTAL IIIMIGKPLIT 1444.0

FIGURE 1144 SCENARIO 4 SCRR COURSE DATA OUTPUT - 700 HOURS AVAILABILITY

SCRS
LP OPTIMAL SOLUTION ANA SENSITIVITY ANALYSIS

CIIUSAA OAIA

ANNUAL THROUGHPUT CLASSCOURSE MARINA CURRENT CLASS CONVININGS CHANGE CAPACITY UNITINGGOP NO. ANNUAL SCHEDULED INPUT AMA PER COURSE RANGE WAIIIIIILECOMMONS CONVENINGS CAPACITY MININUN CONVENING maw
MAOISM CHANGE NAMUR

011A 12.0 12 10

1100 4.0 4 12

$104 49.6 12 10

SLOW 24.0 24 10

$101 27.0 24 16

1344 $4.3 SO /0

SW $2.8 12 8

$648 7.0 6 12

TOTAL CONVINIMSS 218.7
TOTAL THOUDIPUT 210%4

FIGURE 1145 SCENARIO 4 - SCRR COURSE DATA OUTPUT 900 HOURS AVAILABILITY
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BEST COPY AMIABLE

SCAR
LP OPTIMAL SOLUTION AND SENSITIVITY ARAM'

6011854 GALA

ANNUAL THROUGHPUT CLASS

COURSE MAXIMUM GuIRENT CLASS CONVENING/ CvAmt CAPACITY 11,111m0
COP NO. ANNUAL SCHEOuLEO INPUT .....1106E....- PFR COME RANGE ' MIME

CONVENINGS COWERING; CAPACITY MINIMUM e01+04ING -11111116-
NA2IMUM CHANGE MIMI

011A 12.8 12. 10 1.1 -3.0 7.11 20001

SIOG 13.7 6 12

12.0

6.4

-IN71411"

-8.9

'WNW,
3.1 5694

11.7 -INFINITY IINFINI1Y

SIOV 12.n it 10 -17.1 6.1 110INITY ILT1.000
S2.) -6.7 16.1 3100

com 91.1 26 10 -6.7 -1.0 6.0 $$OV
91.1 INFINITY IN11111ty

SW 10.0 24 16 'INFINITY -14.0 0.0 16003

5168 11.4 50 10

30.0

-INFINITY

*40$10111,

-10.0

INFINI1V

0.0 16006
71.4 -INFIntry 111,101IT

916F 32.1 12 A .INFINITY -11.0 0.0 14-30.120
32.8 -2.9 II.' 10001

5690 6.0 6 12 5.2 34./ "INFINITY 10002
7.5 .44.1 05.7 100

TOTAL CONVENINGS 269.2
TOTAL 1114UGNPuT 204/.0

FIGURE 11-36 SCENARIO 4 - SCRR COURSE DATA OUTPUT - 1000 HOURS AVAILABILITY

SCRR
LP OPIINAL SOLUTION ARO SENSITIVITY ANALYSIS

CGUASE 4614

ANNUAL Th000G1110 CLASS

(mulls/ NALIRUP cuRaluT CLASS CONTININns EAIIGE
.

CAPACITY LIMITING
COP NO. ANNUAL . tiNCOulf0 INPUT ....1141160-... PIA cnuR:i RANGE vANIAALL

CONVENINGS omTENINGS CAPACITY MINIMUM CONTEMNS
MAXIMUM CHANGE 11A11111131

011A 16.6 12 10 ..2.6 '1.0 1.0 14001
15.4 -11.171Ni7V iNFINITV

$106 20.0 4 12 7.8 -0.9 3.1 10002

17.0 op. 10

10.0

-14.0

-INFINITY

6.1

0INFINII,

.INFINITY FOLNNOM
66.0 -6.1 IR. l n-30.101

SION 111.1 14 In 76.7 -4.0 6.0 51ov
1110 -INFINITy 'INFINITY

SIOT 16.0 24 In -INFINITY -16.0 0.0 IGOOS
76.0 - INFINITY 4 11INITY

.S360 81.7 SO 10 -INFINITY -10.0 0.0 10004
115.1 -INFINITY INFINITY

3360 29.9 12 0 -INFINITY -8.0 0.0 0-30.180
32.8 -1.6 11.4 1(4101

5698 6.1 6 12 -INFINITY -12.0 0.0 14.003

9.4 -16.7 46.7 14002

TOTAL CUNvE010GS 110.6
TOTAL ImpooNINII 3394.7

FIGURE 11-37- SCENARIO 4 - SCRR COURSE DATA OUTPUT - 1200 HOURS AVAILABILITY
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SECTION III

EDUCATIONAL TECHNOLOGY EVALUATION MODEL

MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

With the increasing emphasis on self-paced, individualized instruction in
naval training, there is a requirement for a method for predicting the resources
necessary to support individualized instruction and for evaluating different
types of administration for such systems.

The Educational Technology Evaluation (ETE) model is a generalized, discrete
simulation model designed to simulate the flow of students through an Individ-
ualized Learning System (ILS). Its purpose is to permit simulation of a variety
of ILS configurations, student flows, and course strategies by manipulation of
input data alone rather than by modification of the model itself. It is the
generality of the model that is the key factor in its design.

The ETE model is not intended for use in evaluating educational media or tech-
niques with regard to training effectiveness. It is designed to evaluate the
effectiveness of different strategies (e.g., computer managed instruction or
instructor managed instruction), with regard to throughput and resource utiliza-
tion efficiency. Given curricula and media descriptions, an estimate of the
input rate for different student types, and an inventory of available in- .

structors, learning modules, and facilities, the ETE model will project system
output, average time-to-complete, and instructor and facility utilization.

The primary problem arising in the design of a generalized simulation model
lies in balancing model capability with ease of use. Theoretically, it is

possible ,; least to approximate every combination of events and resource usage
that the analyst can envision. However, every additional level of complexity
which exists internal to the model demands, at a minimum, a control or selec-
tion type input. Since all inputs must be specified by the user, the complexity
of input data rises as a direct function of the level of detail contained in the
model. Consequently, models that contain highly detailed representations of
internal system activities may require input data so complex as to discourage
the potential user.

One way to avoid this problem is to construct simulation models which are
tailored to a particular system or activity. Such models can contain explicit
and complex mechanizations which do not require extensive input data for
support. On the other hand, highly specific models are rarely applicable to
other systems without revision. The disadvantages of constructing a new model
for each system configuration to be simulated include: delays in constructing
and testing the models, a continuing need for qualified personnel to construct
the models; and constantly changing input requirements imposed on the mode
users.

ASSUMPTIONS NECESSARY FOR GENERALITY. In order to model certain aspects of
an ILS without tailoring the model to a specific system, it is necessary to

assume that generalized representations can be made which are applicable in
a number of cases. In general, these assumptions center around criteria for
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deciding when certain activities are required and the activity patterns for
certain facilities.

Some areas which present difficulties in generalized representation are: (1)

instructor/student interaction; (2) remedial activities involving instructional
matter in a different medium; (3) conditional branching within a course of
instruction; and (4) preemption of facilities by students designated as
having priority over other students. Detailed information on the particular
methods used to model each of these activities, or the rationale for exclusion
of a particular form of simulated activity, can be found in Section III, Logic
Design.

There are other activities which are so basic to the operation of an ILS that
their inclusion in the model is mandatory. These include:

a. A single course, or multiple courses.

b. Different media characteristics specified by module.

c. Individual and team training modules.

d. Instructors assigned by qualifications and responsible for specific
modules.

e. Remediation activities, including probability of occurrence and re-
quired support.

The basic technique used to achieve generality of application was to designate
all student activities, whether learning or administrative, as "modules."
Each of these modules is tagged with an identification code which designates
the type of support required for that module. Since all parts of the ILS, ex-
cluding th- students, can be thought of as resources to be used in support of
the went contention between students and the demand level for each type
of prise the basic content of the model. For example, the student
sign- referenced in Figure III-1 can be represented as a module
which every student must complete first, and which requires the support of
ancillary personnel. By following this approach, the user can simulate
different administrative procedures without supplying data in a multitude of
forms. The use of module code numbers is explained beginning on page 111-7.

The ETE model was written using the General Purpose Simulation System (GPSS)4
which consists of a high level simulation language, the language compiler,
and a model execution control program. Although GPSS designates a specific
IBM-developed program package, other versions have been developed by other
manufacturers and include the GPS K (Honeywell) and Flow Simulator (RCA).
Both Univic and Control Data Corporation also have GPSS compilers .

As might be expected, GPSS has certain characteristics and limits as to model
execution time and model size. These characteristics did not impact model
design to any significant extent but do carry implications regarding model
usage. These implications are discussed on page 111-31, Validation Results.

4GPSS Primer, Stanley Greenberg
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INPUT PARAMETERS DESCRIPTION

In general, inputs are required to define the learning system configura-

tion; i.e., curricula, number of instructors, module completion times, etc.,

of the courses being simulated. This section is divided into two parts. The

first part describes each of the required input parameters. The second part

defines the required format of the input data. It should be noted that the

format specified applies to the model as it currently exists. A simplified

input format will be generated during Phase III. The method for insertion of

the formatted input data in the model is covered in Volume III of the report.

REQUIRED INPUT DATA. Listed below are the parameters required to formulate an

ILS model.

a. Rate of student input.

b. Number of student types and distribution - Student type is directly

related to the curriculum to be followed by that student. Student

distribution is the percent of all incoming students assigned to

each type.

c. Curricula - A curriculum, which consists of the sequence of module

numbers to be completed by the student, must be supplied for each

student type. For example:

Student type I: Modules 1, 3, 6, 7, 9 and 11.

Student type II: Modules 2, 3, 4, 5, 7, 8 and 9.

d. Module type code - Each module must be assigned a code number between

0 and 31. This code number describes the support requirements for the

module (e.g., instructor required, other equipment, etc.), over and

above the availability of the module itself.

e. Instructor qualifications - Available instructors are grouped accord-

ing to the modules they are qualified to teach. For example, modules

1-4 may be assigned to instructor group I, modules 5-10 to instructor

group II, etc.

f. Number of instructors - The number of instructors in each instructor

group must be specified.

g. Available modules - The number of copies of the instructional matter

for each module must be specified. For example, if module number 3

is a video tape cassette, the number of cassettes in the inventory is

supplied here.

h. Number of students per team - If any of the modules in a course re-

quire.a team of students, the number of team members is specified

here.

i. Remedial modules - Where a module is designated as having remedial

matter which is not self-contained, a corresponding remedial module

type must be designated.

111-4
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j. Number of remedial modules - The number of available remedial modules
of each type must be specified in the same way as the primary modules.

k. Projected completion times - Each module, both primary and remedial,
must have an estimate of time-to-complete.

1. Completion spread - The
be modified by a spread
to-complete for a given
modified by a spread so
or minus thirty minutes
assumed.

completion time (item k.) for each module may
value. For example, if the projected time-
module is two hours, the factor may be
that completion time becomes two hours plus

. If no spread is supplied, a zero value is

m. Available facilities - Where other facilities (such as carrels or
power supplies) are required for completion of a particular module,
the number of available facilities must be specified.

Care must be exercised in supplying consistent input data. If, for example,
seven different student types are defined, seven curricula must also be de-
fined. Otherwise, an execution error will result.

Required Input Data Format. With the exception of the student input rate, all
required input data are in the form of tables. These tables all have similar
formats consisting of a single-table definition card, called a FUNCTION card,
and dS many additional cards as are needed to supply the required entries to
fill the table.

Curriculum tables are designated by number (1 through n, where n is the same
as the number of student types), all other tables are designated by alphabetic
mnemonics. The easiest way to describe the required input formats is to define
a hypothetical ILS which is to be modeled, and then to describe the tables re-
quired to define this system.

The hypothetical system has the following characteristics:

a. Three types of students.

b. A maximum of eight instructional modules.

c. Two groups of instructors; group 1 qualified to teach modules 1-4,
group 2 qualified to teach modules 5-8. There will be three in-
structors in each group.

d. Modules 5 and 6 are team modules requiring two students and four
students respectively.

e. The three student types are distributed as follows: 30% type I;
45% type II; and 25% type III.

Other system characteristics will be discussed in connection with the construc-
tion of the apnropriate table.

Figure 111-2 shows the required card layout for all of the inputs required for
the hypothetical ILS. Each of the card types will be discussed as they appear
in the figure.

111-5 t.30



CO'BES
MOLE

1 Htli IttrUtil P4U. I 4- Z,

INPUT CARD SPECIFICATIONS

TABLE NAME

CURRICULUM CARDS 1.11111±11.141 LI I 11.111 1 111111111LL II

4J214L/1,131i1,1141tif1,161..1 1 LI 11.1111.111 II LI 11.1.1.LL.LL.L1LLI......._.

EviwitirviseLi.L1V iLLAE.11.LLi1

It W121.11111510 / 4 / 5 1

MODULE TYPE CARDS

Ludilmalluin
jalie11111141 I I 1P1119kfl

I //till ha/ , S,1

COMPLETION TIME CARDS

COMPLETION TIME
VARIATION CARDS

1LLLL
criYolti 11 1PI21r1Iltl j tiiiiluil 1111_1111111

111161/111,111/1/1141/141,111/1611111/141141/11,111/b0111111111111111

11111L11111111111_1111111111111t111111111U111
1 IF11401C1r111100111 10149111C 1111_1

$: st /s, / .1 5. /1.I/ ,I /t,

INSTRUCTOR ASSIGN.
MINT CARDS 11'M I 1/1,141c1711110t 1111111111/11 L 1_

ilsigi/12111§1/1401/4131/151161/14111/1/1161/11161 1 1 1 1 11 1 1 1 t 1 11 1

111111111111101illiillillitiltilliliu Lit 11 t
it

111121/12141/142111/1411itt/1519111/111431/1711121/11141 1 1 1 1 11 1 1 1 1 1 11 1

tibillftt Lifghtterrifttot t f/12totiitt t 1 11111111111,11111111
LIZ, I 1/ I /5/15/ 99 11 .14

INSTRUCTOR °UAL!.
PICATION CARDS

MODULE LOCATION
CARDS

MODULI INVENTORY
CARDS

REMEDIAL MODULE
LOCATION CARDS

i.11c111/111/11 i t tP12114

I
A 1190111 / /5,

1111111 1 IA 1 1 1

PkIpte1L1 1 jilviAlle T 1 o Pt

/ /

itiS f o JEIc

/ , I fl
REMEDIAL MODULE
INVENTORY CARDS PO1441111.1 i l i o P t c i r M i t l i 1 tAtihri I I Li Emil 1 1 1111111111

111114111111161/111.1°1114401019101/1441/171114/11111J1q 1 1 1 1 1) 111111

11111111111111!111111111111111111111111111111

111111111111111111111111111111111111111111111

REMEDIAL MODULE
T R 4 it C91 2.

42 'it ,1 1510 .1
11111111111111111111J111111111111111111111111

OTHER FACILITIES
ASSIGNMENTS 1121e1TL 11flilile_111111 1 1 1,11/4411 1 1 1 1 1 1 1 111111111111111

STUDENT .

TON CARDS
OISTRISU

/ 1 0 1 0 1 f 1 1 t f l g i l 1e l i 1fi . 1 1 1 1 1 1 4 0 1 1 1 . 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 1 1 1 1 1 1 1 1 1 1

4110i.t11/1.111512111/t11.1411t1i111111 Lli I I ti i i 11 i l j 1 11111

,1111,1_111111111J11111411111L111111111111111111

,111111111111111umitlitimium11111iiiii

OTHER FALITIES
INVENTORY

CI
1111151114$41014111 1111 A41,t51otil51:1,114-1+1 11111 11 I Lill 1

11111 1111111111111111111111111111111111111111
TEAM DEWRION
CARDS 17.1ge/h1 1 1 11114*17.11141111 1 A21914111 1 1 1 1 1 1 t 11 1111 1 111 111

ittlettiThigatIfieVi4biet/tsitist41441/111,10/41,14 111111 1111 1 II

FIGURE 111-2 INPUT CARD SPECIFICATIONS
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Curriculum Cards. The format of these cards as regards card columns, and

the use of commas and slashes as separators, is the same for all table entries

and need be discussed only once.

The first curriculum card defines the number of the curriculum (card column 2).

The word FUNCTION always appears in card columns 8-15 as does P9 in card

columns 19-20. The symbol L4 in card columns 22-23 specifies the length

(number of modules) of the curriculum. For other curricula, only the curricu-

lum number and the number of modules will change.

The second curriculum card specifies the module number that corresponds to each

step in that particular curriculum. If more than one card is required to de-

fine a curriculum, the card layout is always the same. Entriet always begin

in column 1 and there are no blank spaces in the body of the input data.

Each pair of numbers; e.g., 1, 2, designate first the step number and then its

associated module number. The slashes serve to separate the pairs of values.

The number of pairs of values must equal the curriculum length specified in

the first curriculum card.

In the example given in Figure III-2, the first two curriculum cards contain

the following specifications:

a. Curriculum number is 1.

b. Curriculum length is 4 modules.

c. The curriculum consists of modules 1, 3, 4, and 5, in that order.

Module Type Cards. Module type cards are used to relate the module type code

with the module number. The type code designates the support requirements for

the particular module. Table III-1 lists 31 type codes and shows the require-

ments specified by each type code. A type code of zero is also permissible

and designates a module with no outside support requirements (a programmed in-

struction manual would be a type zero module).

The first module type card has the same format as the first curriculum card,

except that the function is designated by the mnemonic MODT instead of a

number. Note that the length designator (column 23) equals 8, the number of

modules available for the course. Every module specified for a course must

have a corresponding module type code.

The second and subsequent module type cards follow the same format as comparable

curriculum cards. The first digit of each pair designates the module number

and the second module type.

In the example given, the first module type code specifies a module requiring

instructor assistance and facilities such as a video tape player (see Table

III-1). The second type code designates a module requiring instructor assis-

tance and one in which remedial matter is not self-contained. Note that

modules 5 and 6 both have codes which identify them as group modules per the

problem statement.

111-7
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MODULE

MODULE TYPE CODE DEFINITIONS

MODULE

TYPE REQUIREMENT TYPE REQUIREMENT

1 INSTRUCTOR 16 REMEDIAL (REM)

2 GROUP 17 INSTRUCTOR, Ri ti

3 INSTRUCTOR, GROUP 18 GROUP, REM

4 STAFF 19 INSTRUCTOR, GROUP, REM

5 INSTRUCTOR, STAFF 20 STAFF, REM

6 GROUP, STAFF 21 INSTRUCTOR, STAFF, REM

7 INSTRUCTOR, GROUP, STAFF 22 GROUP, STAFF, REM

8 FACILITIES (FACIL) 23 INSTRUCTOR, GROUP, STAFF, REM

9 INSTRUCTOR, FACIL 24 FACILITIES, REM

10 GROUP, FACIL 25 INSTRUCTOR, FACIL, REM

11 INSTRUCTOR, GROUP, FACIL 26 GROUP, FACIL, REM

12 STAFF, FACIL 27 INSTRUCTOR, GROUP, FACIL, REM

13 INSTRUCTOR, STAFF, FACIL 28 STAFF, FACIL, REM

14 GROUP, STAFF, FACIL 29 INSTRUCTOR, STAFF, 'FACIL, REM

15 INSTRUCTOR, GROUP, STAFF, 30 GROUP, STAFF, FACIL, REM

FACIL 31 INSTRUCTOR, GROUP, STAFF, FACIL, REM

TABLE III-1
I
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Completion Time Cards. Completion time cards are used to specify the average

expected completion time for each module. Time is stated as an integer number

representing the number of times the internal model clock will "tick" before

the module is completed. The user must relate the internal clock to external

time by deciding what period of real-time is represented by each tick of the

internal clock. For example, if each tick of the internal clock represents

one half-hour of external thin, then a module whose expected average completion

time is two hours would be given a completion time of 4. The user must take

care to maintain consistency in using the internal clock. Student input to

the system is also governed by the internal clock and the same ratio of internal

to external time must be maintained for student input as for module completion

time.

The first completion time card is identical in format to the first module type

card except for the acronym change.

The second completion time card is similar in format to the second module type

card and, in the example, specifies module 1 as requiring 6 internal time in-

crements, module 2 as requiring 9, and so forth.

Completion Time Variation Cards. Each modules in addition to the average time

to complete, can also have a range of variation around the average. When

specified, the range causes the average completion time to be modified so that

completion times range between the average MAUS a specified delta, and the

average plus that same delta. The completion time is modified on a random

basis so the average completion time, over a sufficient sample, remains as

specified, but individual completion times can vary between the limits set by

these cards.

The format of these cards is the same as those for the completion time cards.

The example given in Figure 111-2 would yield a completion range for module 1

of 6 t 2 internal clock increments. The completion time variation must always

be equal to, or less than, completion time itself.

Instructors and Modul-s. Before discussing the input cards which govern the

availability of instru tors, modules, remedial modules, Etc., it is necessary

to explain the way in which the mode; handles these different entities.

With the exception of "Other Facilities" (which are discussed later in this

section), all resources for which the student may contend, are considered by

the model to be a single table of resources. It is the position within the

table that identifies the type of resource under consideration. The user

specifies which type of resource occupies a particular area of the resource

table and the number of resource items available.

For example, in a table of 200 resource units positions, 1-12 might be set

aside for instructors, 13-150 for instructional modules, and 151-200 for

remedial modules.

In the example system under consideration, there are to be two instructor

groups. If each instructor group has a maximum of three instructors, then the

maximum number of instructors will be six. Consequently, positions 1-6 in

the resource table are set aside for instructors (in practice, it is a good

idea to allow a margin for change in case the initial estimate of a "maximum"

turns out to be too low).

111-9
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Instructor Assignment Cards. This function carries the mnemonic INSTT and the
card formats are the same as those previously discussed. In the second (and
subsequent) instructor assignment card, the first of each pair of numbers is
the module numbe'. and the second shows the assigned position of the first in-
structor in the group within the resource table. Note that modules 1-4 all
point to position 3 in the resource table and 5-8 all point to position 6.
This coincides with the requirement that there be two instructor groups quali-
fied to handle mohles 1-4 and 5-8, respectively.

Instructor Qualification Cards. These cards define the number of members in
each instructor group and are designated INSTN. As the second card indicates,
the number of qualified instructors is specified for each module. In this way,
it is possible to simulate instructor groups in which all members are not
qualified to teach all modules.

Module Location and Inventory Cards. These two tables (MODFL and ODN) perform
exactly the same function with respect to modules as INSTT and INSTN do for
instructors. The first function (MODFL) specifies the resource table location
of the module and the second (MODN) snecifies the number of available modules.

Remedial Module Type Cards. Remedial modules are treated in the same fashion
as regular instruction modules, except. that the module number referred to is
that of the primary module., so a function to supply the module number is not
needed. MOOR supplies a type code for each remedial module, MODRL locates the
module in the resource table, and MODRN carries the available module inventory.

Other Facilities Assignment Cards. As previously mentioned, other facilities
are not included in the table of resources. They occupy their own table, but
the method for relating module number to resource group is the same as that
for any other resource. Similar facilities, such as carrels or terminals, are
arranged in groups and a module requiring these facilities is related to the
group number of the appropriate facility.

The other facilities function is called FACT and its format is the same as other
tables in this series. In the example, modules 1 and 5 are associated with
facilities groups 1 and 2, respectively. Modules which do not require other
facilities have a zero entry in the facilities group number.

Student Distribution Cards. Both the first card and the subsequent cards in
this group differ in format from those discussed so far. The first card can
he reproduced one for one with the example, except that the digit following
the letter 0 must equal the number of pairs of arguments appearing in the
following cards.

Team Definition Cards. Like the module type cards and the completion time
cards, the team definition cards relote module number to a particular module
attribute. In this case, the attribute in question is the number of members
required for a team-type module. The card format is the same as that of MODT,,
TYME, and several other functions. 4

The illustration in Figure 111-2 allocates two team members to module five, and
four to module six. Again, note that the modules specified correspond to
those designated by the module type code as being team modules. In the event
of erroneous data entry causing a team to have zero members, the model will
still process a single individual in place of that team.
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The second card differs from those previously discussud III that the first

number of each pair is no linger an integer but a decimal fraction. Each

decimal fraction represents the cumulative total of percentages for each
student type. In the example, the first decimal fraction (.30) corresponds
to the stated requirement that 30% of the input students are type I. The
next argument (.75) is the total of 30% for type I and 45% for type II.

Other Facilities inventory Cards. As noted, other facilities are not included
in the standard resources table. This difference is also evident in the cards
required to define the facilities inventory. All inventory cards have the
same format (there is no difference between the first and subsequent cards).
In each pair of arguments, the first argument, Sn, designates the facilities
group (S1 is group 1, S2 group 2, etc.). The second number in the pair is the
number of items available in that group. In the example, group 1 has 50
items, group 2 has 75. As many different types of facilities may be defined
as are required.

OUTPUT PARAMETERS DESCRIPTION

GPSS provides certain standard outputs which are described in this section.
Three additional outputs have been programmed into the ETE model. Others can

be added as operational need dictates.

An alternate output format is available which yields the same data as the
standard package, Lout with labels which are specific to ILS.

STANDARD OUTPUTS. Thr standard GPSS outputs include the following:

a. Facility utilization - Facility, in this sense, is a general term
covering instructors, learning modules, and support facilities. In

all cases, number of students using, average time of use, and per-
cent utilization are given.

b. Queue statistics - Whenever a student is required to wait for any
reason, whether for group formation or instructor availability,
certain statistics are gathered by the model. These include:

Maximum queue length
Average queue length
Total student entries in the queue
Average waiting time.

c. Entry counts - These statistics indicate the number of students who
pass through each part of the system. While primarily useful in
logic validation, they can also indicate unsuspected paths through
the system and point to potential overload conditions.

d. Additional outputs - Average time-to-complete: the av,eage time-to-
complete for each student type is computed and output. Number of

completions: the number of student completions, arranged by student
type, is supplied.

The format for the standard output is illustrated in Figure 111-3. In the

standard format, none of the facilities or queues are identified by number.

III-11
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The user, in the process of specifying the number of instructors, modules, etc.s
during input preparation (see page 111-5), automatically selects the range of
numbers which designate those facilities which represent instructors, modules,
etc. Queue numbers and facility numbers correspond; i.e., if facilities 105-
110 are designated as representing a group of six instructors, the queues 105-
110 represent thn waiting lines for those instructors.

ALTERNATE OUTPUT. In the alternate output format, the output data described in

the preceding paragraphs are broken out and labeled according to their specific
function. Facilities utilization data are output as "Instructor Utilization,"
"Module Utilization," and "Other Facilities Utilization."

Queue statistics ace output as "Time Waiting for Instructor" and "Time Waiting
for Module."

Student statistics are output in matrix form with student type designating the
columns and number of students completing and average completion time comprising
the two rows.

Figure 111-4 illustrates the alternate output format.

LOGIC DESIGN'

The purpose of the ETE model is to project the performance of Individualized
Learning Systems (ILS) using different administrative practices and various
combinations of instructors, curricula, and resources.

MODEL TECHNIQUE SELECTION. Certain aspects of the problem addressed preclude
the use of some analysis techniques but lend themselves to others. Since the
systems to be investigated, in many cases do not yet exist and empirical
historical data are nonexistent, mathematical analysis to identify relation-

ships between variables is not possible. Similarly, optimization where the
relationships between variables are not known to be linear is also unattractive.

For these reasons, some form of simulation appeared to be the most reasonable

approach. Given that simulation'of proposed ILS was to be attempted, it re-
mained to choose between continuous flow and entity type simulation. Contin-

uous flow implies that a deterministic approach can be taken, at least inso-
far as simulation of student flow through parts of the system is concerned.
Even Mere branches within the flow are simulated by probabilistic means, the
flow between branches must still be approximated based on some form of re-
lationship, either historical or assumed.

Inasmuch as most of the ILS to be simulated will consist of a set of assumptions
on the part of the course designer, the combination of an assumed course con-
figuration plus assumed flow characteristics is .not likely to produce results
upon which design decisions can be based. If ILS were common within the
naval training system and historical data plentiful, t!,e ETE model might well

have taken the form of a deterministic flow simulation.

When. the system can be defined in terms of available resources and course
steps, and the system to be,simulated consists of a course, or courses, with a
limited number of students on board at any one time, entity flow constitutes
a viable technique.

111-14
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lhe average-on-board for the course or school being Si: ,plated is probably

the key variable in deciding whether entity flow is applicable to a particular

class of problem. Regardless of the complexity of the model itself, each

entity (student) active in the system requires memory space to track status,

position in the logic flow, etc. As the AOB grows, the demand for computer

memory grows and the execution time required to scan the status of all students

increases. Eventually, the computer system itself will place a limit on the

number of students that can be processed.

The results to be derived from the sirulation also bear on the selection of

the technique for simulation. If, for example, the only parameter of interest

rips the oiAput of a collection of courses over time, then some form of

deterministic model could be postulated which would produce estimates of sys-

tem performance. If, however, the course designer wishes to derive estimates

of the effect of individual parameters within the system (such as the number

of instructors available to teach a particular course), then such a highly

aggregated .pproach would not be useful. Therefore, since the ETE model is

intended for initial use as a course design tool, a discrete entity simula-

tion approach was selected.

IMPLICATIONS OF ENTITY FLOW SIMULATION. It is implicit in the selection of

entity flow simulation such as the ETE modeling technique, that the events

which take place as the student passes through the system can be described

quantitatively. That is: (1) the student must follow a path whose logic is

definable; (2) the student must obtain resources and use them for a specified

length of time; and (3) the resources used must be grouped according to a

defined taxonomy.

Logic Uata Definition. It is quite likely that in a true ILS, students may

o cerbranch ttigniaules based on their performance on previous modules.

This work!, both for remedial matter and for matter by-passed because of pre-

testing or a higher than normal score. In any event, since the type (i.e.,

level) of student input to the system is not predictable, these conditional

branches must be handled in such a way that the pattern of students branching

or not branching is random. This random branching should be constrainable by

a percentage factor so that, for example, 60% of the students branch one way

and 40% the other.

The most ctraiyhtforward way to build this capability into the model would be

to ineledc, ronHitional branches in line with model logic. However, as pre-

Viously stated (Model Description and Functional Specifications), the design

goal of the ETE model was to produce a generalized entity flow model.

Inclusion of explicit conditional branches would reduce the generality of the

model and require the user to be familiar with the internal logic of the model.

The ETE model addresses the problem of conditional branches by having the user

specify an exact (by percentage) distribution of student types and the cur-

ricula they follow. Where conditional branches exist in a curriculum, the

user specifies two or more curricula (one representing each path) and applies

any percentage constraint to the distribution of input students by type.

This approach increases the volume 'n't not the logical complexity of the input

data, and maintains the generality of the model.

111-16 91



BEST COPY AVAllak

TAEG REPORT NO. 12-2

Resource Grouving. The resources used by the student can be divided into two
&sic categories: those which he obtains from a central store and keeps with
hire (such as lesson plans or manuals); and those which ht uses in serial fashion
with other students. In this context, there is no difference between an in-
structor and other training equipment.

At first glance it might seem that there is a great deal of difference between
an instructor and a video tape player. However, from a quantitative, logical

standpoint they are similar. The student either has access to the instructor

(or the tape player) or he waits. Once he obtains use of the resource, he
occupies it fully until finished, at which time the resource becomes available
to others. There is one major difference between the instructor and any other
resource - the instructor is assumed not to be required for the complete dura-

tion of the module (as would be the case with an equipment-type resource).
The length of time for which the instructor is occupied (when required) is

calculated on a stochastic basis and is discussed later in this section under
Model Assumptions.

Equipment-type resources might also seem to require complex modeling treatment
because of the variety of types of equipment and training media available. How-

ever, these differences are of more concern to the course designer during the

media selection phase than during the phase in which the course is simulated

for over-all performance. There may be a significant difference in the train-
ing effectiveness or training objectives of a recognition study card set and a

game study card set, but these differences are not quantitative from a simula-

tion standpoint. As far as the ETE model is concerned each is a portable re-

source which is either available or not available.

Equipment-type resources do have some differences which are of consequence in

use of the model. For example, there is a difference in the user approach to

a lesson available only via a computer terminal and one recorded on video tape.

The model considers each module to have two possible levels of equipment re-

quirements designated as the "module" itself and "other facilities." In the

case of the computer terminal lesson, the terminal becomes the "module" even

though that same terminal might give access to a number of different lessons.

The telephone line linking the terminal to the computer and the computer it-

self are considered together as "other facilities."

The video tape lesson is handled as follows: the video tape is the "module"

and the video unit itself is "other facilities."

As can be seen from the foregoing, the quantitative description of different

modules is the responsibility of the user. After analyzing each module, the

user can describe them logically by means of the type codes outlined under

Input Parameters Description in this section.

SOURCE LANGUAGE SELECTION. Considering the languages available for the com-

puter system to be used for model development, the choice of source language

resolved itself to using either the General Purpose Simulation System (GPSS)

or another high level language such as FORTRAN or PL1.

GPSS is a high level programming language designed for developing entity flow

simulation models. It consists of a language translator and the control and

outpu' programs necessary to support model execution. This combination of

111-17
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programs elables the modeler to implement a model in much less time than it

would take to develop a model of the same level of complexity in some other

high level langu)ge.

GPSS is not without disadvantages. Because it is a highly general approach
to simulation, the mcdes produced are not as efficient as models written

specifically fol. a particular application. Furthermore, the model must be

constructed according to the conventions of GPSS with the result that some

forms of muchaniaAjoh mays not be as exact as would be mechanization via a

tailored program. A single example will suffice to illustrate this point.

GPSS produces models which are entirely transaction driven. This means that

all events which occur within the system occur because a student reaches some

point within the model.

In such a con,eptualization, the instructor, for example, is a passive entity

reacting to the demands of a student. It is cumbersome to include activities

which are instructor initiated. Once the student begins study of a module,

he cannot be interrupted r'rom an external source. Any breaks in module study

must be set up prior to initiation of the model.

While troublesome, these limitations do not preclude the use of GPSS as the

simulation language. Experience to date (see Level 1 Validation Results in

this section) indicates that attempting to simulate detailed types of activity

does not yield a significant change in model output. Highly detailed simula-

tion is more appropriate for intensive study of a single course rather than

for parametric studies of a number of courses. Furthermore, detailed activity

simulation demands precise and extensive data on the activities which take

place in a particular course. Unless such data are available, it is not possible

to justify the effort required to produce a detailed activity, simulation.

GPSS was selected as the ETE model source language because the objective of

the ETE model was to provide a tool which could be tested for operational

usefulness. The)ufore, the primary thrust of the effort was to produce a

model which could be maintained by the user and which employed conventions

common to other such models. Had the project been oriented toward the pro-

duction of elegant algorithms aimed at precise replication of detailed

activities, WS would not have been selected.

ETE MODEL ASSUMPTIONS. On page 111-2, four areas are listed which were considered

troublesome to mechanize. Of the four areas, three were included in the ETE

model and tile fourth was not implemented. The activity not included in the

model was that of preemption of facilities by students having priority over

other students.

Preemption of Facilities. Preemption was not excluded because GPSS has no

provision roir activities of this type. On the contrary, preemption is

explicitly included in the GPSS activity set. It was the lack of a set of

general rules for preemption which precluded its mechanization. In order to

include any activity in a general simulation model, it is necessary to

describe those conditions under which the activity will take place. If

preemption takes place at all, will it be on the basis of rank, student type,

time of day, or some other factor? Since these conditions are apt to vary

significantly depending on the organization of the school being simulated,

it was not possible to decide on an acceptable set of general rules for pre-

emption and this activity was not included in the ETE model.
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Conditional Branchin . Conditional branching is discussed under Logic DataDefinition in t is section.

Instructor Student Interaction. As stated in the Input P.rarneters Description,t e user specifies which modules, if any, will require instructor/studentinteraction. As with each of the areas discussed here, the problem arises notin mechanization but in deciding what constitutes a reasonable approximationof the activity in question.

In an ILS, it can be assumed that the instructor will be occupied with thestudent for significantly less than the full duration of the learning module.Since the fraction of completion time during which the instructor will interactwith the student cannot be predicted, it is determined probabilistically. Arandom number between zero and one is chosen and, based on that random number,a value is derived from a curve like the one shown in Figure 111-5. Accordingto this distribution, the maximum fraction of completion time in which theinstructor is involved is 50%. On the average, the instructor will be requiredfor 25% of the module completion time. Note that this distribution can beeasily changed to reflect other time distributions.

Remedial Activities. When the user specifies that remedial matter exists in
outinimfRe module under study, he also supplies the data necessaryto define the type and duration of such remedial matter (see Input ParametersDescription, Page 111-4). The only assumption required in this area is thefrequency of use of the remedial matter.

This frequency is also done on a probabilistic basis with 40% of the studentsrequiring remediation. This percentage distribution is arbitrary and, likethe distribution of instructor time, can readily be changed.

LEVEL 1 VALIDATION SCENARIOS

Before beginning any detailed discussion of level 1 validation for the ETEmodel, two points must be emphasized.

First, the ETE model really consists of two parts: the logic section and thesystem description (input) section. The logic used to process the input dataremains the same from run to run but the input data, which describes the ILSto be simulated, change significantly. It cannot be over-emphasized that thesystem being simulated dictates the results obtained from the model. Modelcharacteristics such as sensitivity, are characteristic of the ILS being simu-lated, not of the ETE logic.

The other point requiring emphasis is that the ETE model is intended to be ageneral purpose system, providing an efficient means for simulating a varietyof different IL systems. Viewed in this light, validation of the ETE modelshould demonstrate two things: (1) that the simulation of a given ILS isaccurate enough to produce useful results; and (2) that the ETE model was ableto simulate the system in question, given only the input data necessary todescribe the ILS under study.

STEPS IN ETE VALIDATION. The primary steps in the ETE validation scenario are:
a. Discussion of methods used to replicate different activities withinany ILS.
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b. Review of ETE logic to assure that it efivcts accurately the methods
derived in step a.

c. Test runs to ascertain that the GPSS program follows the logic design.

d. Test runs using different combinations of input aa to assess reason-
ableness of results.

e. Simulation of a known ILS to provide comparisons of ETE model output with
a known data source.

Mqthods for Simulating ILS Activities. The basic activities required for an ILS
simulation are enumerated under Model Description and Functional Specifications
in this section. Also in the same paragraphs, other activities which were con-
sidered to represent problem areas for simulation were also listed.

The logic for simulating the basic activities is straightforward and is described
unddr both Model Description and Input Parameters Description. Detailed flow
charts of the program logic appear in Volume III. Of primary concern during
the design phase were those activities considered to present difficulties in
mechanization. These activities and the decisions regarding their mechanization
are covered under Logic Design.

Initial Program Testing. The initial ETE test runs were designed solely to test
all possible program paths. Curricula for five student types were set up, and
included modules representing each type of support requirement. These runs
indicated that model problems existed when team modules were encountered and
also when team activities were followed by remedial activities. The latter
problem required a change in model logic. In order to identify the basic problem
in team module processing, it was necessary to employ a GPSS debugging aide called
Trace. When Trace is used, it causes a print-out each time a student moves from
one model block to the next. Figure 111-6 shows part of a Trace output. Each
transaction represents a single student. By checking the parameter values, it
is possible to determine all conditions pertinent to that particular student,
such as: step number within course; current module number and type; equipment
requirement flags; and number of students in a team.

Although this method produces voluminous
accurate picture of model execution. By
the accuracy of the current state of the
history, can be checked. The Trace runs
of model logic conducted.

output, it does provide a complete and
checking the printed parameter values,
student, and to some extent his recent
represented the most stringent test

Reasotless_,VariatlabletldSensitivitTestin.. Of these three types of
TAttrireatotiffienessandsensitivitYtestingcan be considered together.
Variability testing will be discussed first.

Variability testing was accomplished by running a series of runs, each of which
was started with all initial conditions the same except the random number seeds.
Random numbers are used in the following model functions:

a. To vary the student generation times about an average value.

b. To assign a student type to newly generated students.
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c. To provide a 60/40 distribution of students requiring remediation.

d. To assign the length of time spent by an instructor assisting a student.

e. To vary module completion times about an average.

If the model is highly sensitive to the particular distribution of random numbers

encountered during a run, the results of these runs, using different random numbers

seeds, could differ significantly in: (1) distribution of student types produced;

(2) change in average time-to-complete due to change in remediation requirements

and change (bias) in module completion times; and (3) change in instructor

utilization.

Table 111-2 is a composite of three runs made to test variability. A hypo-.

thetical system was simulated, so no significance should be attached to any of

the outputs insofar as real world systems are concerned (for example, it is

to be expected that instructors will be utilized more than 3%-4% of the time).

Each run was made with all initial conditions set to zero except the random

number seed, and run until four hundred students hal been processed. Module

types specified included groups, and those requiring instructor assistance,

remediation, and other facilities.

The data presented in Table 111-2 show little variation in either average

completion time or instructor utilization. Only in the distribution of students

generated is there significant variation.

Just how significant this variation is in terms of model results is a function

of the type of ILS configuration being simulated. If one particular student

type tends to tie up large quantities of system resources, a twenty percent

variation in the number of these students (with respect to other student types)

could produce unexpected changes in model output. For the system used in this

test, the different student types tended to be similar in their demands on the

system. Consequently, little variation was encountered as a result of the

changes in student type distribution.

None of the results of these runs or other runs indicated any variability problems

which would prohibit the use of the ETE model. However, the user should be

cautious in applying model results under the following conditions:

a. If the sample size is small (e.g., runs in which fewer than one hundred

students are processed), variability in student input distribution can be

b. When the primary objective of the study is to obtain a student output

profile over time, multiple runs should be made (following the technique

described above) to check for possible variability.

Reasonableness and Sensitivity Testin9. Ideally, reasonableness should be

measurable by a quantitative standard with the quantitative standard being

historical data from a real world system. Those IL syttems currently in place

in the naval training system are either too new or too limited in scope (e.g.,

an A0E1 of five students), to provide the desired quantitative standard. Further-

more, application of the ETE to an existing system would not necessarily test
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NUMBER OF STUDENTS GENERATED

STUDENT

TYPE I II III IV V

RUN 1 99 60 51 112 81

RUN 2 100 59 49 111 85
RUN 3 86 79 38 123 78

EXPECTED VALUE 100 60 40 120 80

AVERAGE COMPLETION TIME

STUDLNT
TYPE I II III IV V

RUN 1 20 16 13 23 16
RUN 2 20 17 14 22 16
RUN 3 19 17 12 23 17

INSTRUCTOR UTILIZATION (%)

INSTRUCTOR GROUP I II III

RUN 1 4.6 2.8 1.4
RUN 2 4.3 2.2 3.1

RUN 3 4.4 3.1 2.2

I

TABLE 111-2 VARIABILITY TEST RESULTS
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generality. That is, it would be difficult to show that the model constructed
and the results obtained did not represent the application of a special purpose,
ad hoc model of the type discussed under Model Description.

These conditions dictated a somewhat unorthodox approach to validation of the
ETE model. Concurrent with Phase I of the DOTS project, an in-house Navy study
of a proposed consolidated Electronic Warfare (EW) school was conducted. Early

in this study, the decision was made to construct a detailed, entity flow simu-
lation model of the proposed system. This model was completed in early 1974
and has been in use since then. At the time that the problem of ETE model
validation was being addressed, a requirement was generated by the EW school
designers to make parametric runs using different numbers of student trainers,
and a different student input distribution. This requirement represented an
opportunity to accomplish both validation objectives at the same time. By

applying the ETE model and the existing special purpose EW model to the same
problem, it would be possible, by comparing results, to check the ETE model for
reasonableness and also to test its ease of use vis a vis a special purpose
model.

.Objections coLld be raised to validating a simulation model by testing it
against another simulation model, but the techniques employed in the two models
are sufficiently different to pinpoint any major discrepancies in either model.
If the two models produce similar results, then questions regarding the validity
of the results can be considered questions regarding the validity of entity
flow simulation as a basic design tool. Of prime importance in the selected
approach, is the opportunity presented to compare the length of time required
to produce a working simulation when using the ETE model, as opposed to con-
struction of a special purpose model. If the time required to obtain results
is significantly lowered, one of the basic design objectives would be fully
demonstrated.

Consolidated EW School Model Description. The consolidated EW school has the
TETTEWThraiiiiRiFiTics:

a. Seven types of students.

b. Nineteen possible curriculum steps.

c. Four of the seven curricula have optional modules.

d. There are three equipment facilities: carrels; student trainers; and
aircraft.

e. Each curriculum step can include the use of both carrels and trainers.

f. One category of student has the ability to preempt equipment when
necessary.

The EW school model has each of these characteristics explicitly mechanized in
the model. Where students move between carrel and trainer (and back) during a
curriculum step, this monment is specifically provided for. Optional modules
are handled using conditional, probabilistic branches coded in-line.

111-25

100



TAEG REPORT NO. 12-2

There are other model features which were not specifically required in the
problem statement but which were added for completeness. These features in-
clude: model operation on a twenty-four hour basis, with students leaving for
lunch, and at the end of a school day.

Problem Statement UsinI the ETE Model. As has already been discussed (see
alfiFFEEFFif include explicit capabilities for con-

ditional branchas in a curriculum or for preemption of facilities. Optional
modules were handled by creating separate curricula and by subdividing the
input student classifications according to the stated probabilities that
certain modules would be used. Preemption was not included.

Although it would have been possible to define submodules which would have
provided for student movement back and forth between carrels and trainers
during a single module, this would have required definition of about two-

. hundred submodules. Instead, carrel time and trainer time were defined as
single events during any onc m4dule. Even then, as many as fifty-six modules
(vice the nineteen in the problem statement) were required for some curricula.
Figure III -7, sheets 1-3, show the input data required to simulate the EW
school.

The ETE model operates on a continuous time basis. Hence, there is no pro-
vision for idle time in the schools and results are given in total school hours
rather than calendar days. This difference also required a change to the ETE
model student generation function in order to achieve the same input rate as
the EW school model. Note that this change was required to duplicate the EW
school model for comparison purposes and would not normally arise when the
user formulates a problem for the ETE model.

With these stated exceptions, the ETE model had all the requisite capabilities
to duplicate a highly specialized simulation model.

RESULTS COMPARISON. tai le 11T-3 shows a comparison of two runs made on the
EW School model and the ETE mudel. The differences between the two models with
regard to time per school day, previously discussed, required that outputs
from one mocifel be translated into the same units as the other. It is for this
reason that the principal outputs were condensed in tabular form rather than
being presented directly as computer print-outs.

Little commentary is required concerning the comparison of results. Where
translated results permitted comparison, a deviation of 4.9% in average time
to complete was the worst case. Even this discrepancy is probably due to the
fact that that particular student type comprised only 3.2% of the student in-
put and, as such, represented too small a sample (only a single student for
the special rurpve EW model) to permit valid comparison.

The fact that the ETE model did not include preemption, student movement be-
tween carrels and trainers during a single lesson plan, or simulation of a
twenty-four hour day, did not materially affect the results obtained.

Problem Formulation Time. Since one of the design objectives of the ETE model
was to provide a rarririiians for applying simulation to IL systems, the time re-
quired to obtain useful results, given a specific problem statement, is highly
important. The EW school problem took about five days to prepare and run on

111-26 yOt
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FIGURE 111-7 EW SCHOOL SIMULATION INPUT
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the ETE model, with some loss of time in obtaining problem statement data.

Given a problem statement formulated in accordance with the requirements of the

ETE model, two or three days should be adequate for a problem of this magnitude.

With the exception of the GTE model change required to match the student input

rate of the special purpose EW school model (see Problem Statement Using the

ETE Model), problem formulation consisted entirely of input data preparation.

MODEL SENSITIVITY. As previously stated sensitivity is more a function of the

ILS being simulated than it is of the ETE model itself. The EW ILS is highly

sensitive to input student rate. For example, a change of 11% in the input

rate causes a greater change in system performance than a change of 20%-25%

in the number of available trainers.

This phenomenon was also experienced when earlier test runs, using other types

of ILS, were made. All ILS configurations so far simulated, have exhibited a

"layering" effect in sensitivity. This layering effect causes a single variable

to mask the sensitivity of the system to another variable.

For example, in the EW School ILS, the system proved relatively insensitive to

the number of trainers available (which was the parameter of interest to the

designers), because the student input rate, the number of study carrels, and

the length (in time) of the lesson plans combined to mask the effect of the

variable in question. If the number of carrels was increased or the length

of time spent in the carrels decreased, the system would then become sensitive

to the number of student trainers available.

LEVEL 1 VALIDATION RESULTS

All of the numeric results of ETE model testing were presented under Valida-

tion Scenarios. It remains to summarize those results and to point out any

significant factors regarding the ETE model, its performance, and its application.

ETE MODEL PERFORMANCE. A significant difference exists between the special pur-

pose model and the ETE model. The special purpose model took 3 hours and 20

minutes of computer time to simulate 80 days of school time. The ETE model took

35 minutes to simulate the 80 days of school time. The implications of this

difference will be discussed in the summary at the end of this section.

The ETE model did exhibit sufficient variability to warrant a caution to be

issued to the user.

Model performance, with respect to problem preparation time and problem execution

time, appears to be acceptable and warrants use of the ETE model for any further

EW school studies. Model sensitivity and reasonableness were the same for both

the special purpose model and the ETE model.

SUMMARY. Experience gained in testing the ETE model leads to the following

statements concerning the application of simulation to IL systems.

Complexity of Representation. The almost seven to one reduction in execution

time exhibited by the ETE model when applied to the EW school problem, results

from its relatively simple system representation. Complex problem mechaniza-

tions are costly and should only be used when the system under study is very

precisely defined.

10t 111-31
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System Sensitjvitl. The sensitivity of the EW ILS to input rate indicates that

the itifffirimiElem statement should have included a student AOB. This would

have made the system less sensitive to input rate and more sensitive to school

configuration. The 7.ont7lusion to be drawn from this is that the user must

review the results obtained from any simulation, so that studies are conducted

in step-wise fashion. When one variable appears to be the principal system

driver, kdditional parametric studies involving other variables will not yie3d

meaningful results.

Because of its generality, the ETE model provides an effective tool for con-

ducting initial sensitivity studies on any ILS. When sufficient system data

exist to justify very detailed simulation, special purpose models can be

developed beginning at a high level of system definition.

.111110.,
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SECTION IV

TRAINING PROCESS FLOW MODEL

MODEL DESCRIPTION AND FUNCTIONAL SPECIFICATIONS

FUNCTIONAL SPECIFICATIONS. The objectives of the Training Process Flow model
are:

a. To provide training management with an ability to assess the effects
upon the training system of projected changes in:

Demand
Scheduling
Capacities
Student Attributes.

b. To develop model output data formats that provide high informational
content to training management, so that effective decisions can be
made for maximizing the utilization of training complex resources.

The TPF model will be capable of assessing the impact of changes in certain
input characteristics at the course level, and of showing the effects of these
changes at the school and complex levels. Some examples of the course modifi-
cations which can be entered into the TPF model are:

a. Annual demand

b. Clasi capacity

c. Annual number of convenings

d. Course length

e. No-show rates

f. Student failure rate

g. Student setback rate

h. Selected student attributes; e.g., average GCT scores.

The model is intended to have two levels of data access; one level is into the
existing DOTS data base which is also used by the SCAR model; the other is in-
to the Statistics data base. Operation' of the model at course, school, or
complex level is.possible through selective transfers of data from the DOTS
data base to a Scratch data base which can also be accessed by the TPF model.

The final output effects of the model are measured in terms of:
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a. Average-on-board (AOB)

b. Utilization

c. Backlog.

Intermediate effects available as model output are:

a. Pass/fail rates

b. Setback rates

c. k)-show rates.

The Model Description section expands upon these areas and provides examples
of output reports which present these types of data

MODEL DESCRIPTION. Figure IV-1 shows an outline of the TPF model, and themajor support program, integral to the overall TPF model system.

Model Programs. The TPF model is designed to be operate: as a stand-alone
.model-, or in conjunction with the integrated system shown in Figure IV-1.

The purpose of the TPF mo6a1 is to analyze individual course demands, schedules,
capacities, and student attributes as known at the beginning of a fiscal year,and project these data for periods of up to three_ years. Specifically, theinputs required concern course capacities, lengths, convening schedules, local
and BUPERS demand, and historical rates for no-shows, failures, and non-academicdropouts. These inputs are based on current or projected schedules and loads,and are realily available from existing printouts, reports, and plans. Onefinal group of Input data elements concerns student attributes. This includes
characteristics su.:h as the student's scores on the various Armed Forces
entrance exam, rate, age, service time, and other parameters. This statis-tical input is discussed in detail in Volume Section IV. It was decided
to analyze this large amount of statistical data offline, rather than as an on-line component of the TPF model. Howevcr, the results of this offline analy-sis are made available to the TPF model as an input.

The TPF model will accept data from two main Sources;.first, the DOTS or modi-
fied DOTS data base, and secondly, from card input. This dual input capability
is important to the user. The DOTS data base interface allows the user to
analyze projectiovs based on the current operational plan, including the,.latest revisions. The capability of modifying this data base allows the
testing of alternate plans within the overall system. The alternate card
input allows the studying of several alternate plans, without the need toupdate the data base.

Any input parameter to the model can be considered a variable for manipula-
tion to achieve the desired end results. Any course length, capacity, schedule,demand, or attrition rate can be modified for detailed analysis. The model
also allows the operation of a course with one set of characteristics forpart of a model run, and an entirely different set of characteristics forthe remainder of the run.
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The TPF model print format contains a synopsis of the input data on the left
side of the page and warterly projections on the right. See Figure IV-2.

The courses are normally grouped by schools, with a school summary report
following each group of cow ses. A Center report is also printed to allow
evaluation of any changes on the overall Center totals. The model also allows

execution ol the sa.le course under different configurations in one model
execution to give side by side comparison of the effects of alternate inputs.

Support Programs. Tho support programs fall into three categories, those pro-
grams that-Thterface with and support the data base, those that provide

formatted inputs to the model, and those that support the statistical analysis.

The programs that support the DOTS data base, provide update capability, and
allow the creation of a ::cratch data base, are covered in Volume III, Section V,
of this report.

Two programs support tl.e interface between the TPF model and the data base

parameters. The first program, UNLOAD 1, allows the model to execute with
current or scratch daa base inputs, with additional steps required by the
user. This p)ogram Fonint; the data base parameters into "card image" re-
cords, which are compatible with the alternate TPF model input formats.

The third group of support progiams correlates the student statistical aver-
ages with the significant coefficients from offline regression analysis pro-
grams, and provides statistical failure rates for those courses undergoing the

analysis. This allows the user to modify such student attributes as average
rate, average age, or ave-age test scores, and automatically update the TPF
model failure rates. The support programs that provide this function are
called FAIL1, FATL2, and FAIL3.

INPUT PARAMERS DESCRTMON

Four jimary inpit parameters were defined and analyzed during the design

portion of Lhe Trainiei Process Flow model effort. The four inputs, student,
demad (or load), beLvior, and delivery system, were further subdivided into
a nomer of specific attributes for detailed study. During this detailed study,

it Ixame obvious that !hese inputs fell into two specific categories; those .

thac pe taihee s'.udent behavioral characteristics, and those that made up

the mechanics 01 the schoolhouse operation. It was decided at this point to

study these twin categories as separate entities. The analysis of the student

characteristic c was tarried out, in part, using various programs in the Statis-
tical Package ior 1.:se Social Sciences. Data were gathered from several sources,

and e effort went into this portion of the study. A detailed discussion of

thes. !fforis Ue found in Volume III, Section IV, of this report. During the

entire study, however, there was much interplay between the two fields of study,
as the statistical analysis often answered questions as to what affected certain

elements in the training complex operation; and likewise, understanding the

mechanics of the Fleet Training Center, Norfolk, Virginia, gave much insight

into the nature of the stAtistics obtained.

The first part of this discussion will center on the various elements considered
as potential inputs to the TPF model, followed by a description and format of
those inputs actually required for operation of the model,in its current form.
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Nearly all of the data and statistics gathered pertain to the Fleet Training
Center, Norfolk, Virginia, which, for the remainder of this section, will be
referred to as the "Center."

TPF CANDIDATE CNRSE DATA INPUTS. The course, combined with the school facili-

ties, has been term'd for this study, the delivery system. Several parameters
were singled out fur study as to their inclusion in the TPF model. These

parameters are:

a. Course type

b. Course complexity

c. Course length

d. Instructors

e. Facilities

f. Materials

g. Media

h. Training aids and devices

i Support personnel

j. Shift work requirements

k. LocAtion of training

1. Outside as 'unments

m. Degree of remediation

n. Relevancy to job

o. Testing system.

Course Type. This refers to the type of course and the teaching method. The

courses studied at the Center fell generally into two categories, team or un-
graded training. and lockstep. A team course can be categorized as one that in
most cases produce!. no failures. Examples of this are course 510B, Firefighting
Team Training, which processed approximately 2275 students during the last
fiscal year without a failure, and course 509N, Damage Control Repair Party Team
Training, which processed approximately 4075 students without a failure. Indoc-

trination, orientation, and refresher courses also fell in the team or ungraded
'category. At this Centeo, students attending these types of courses are approxi-
mately one-third of the total students. However, these types of courses tend
to be short, and the Average On-Board (AOB) they contribute is nearer 10 percent

of the total. One of the primary objectives of this study was to suggest methods

to improve throughput'of the courses through the analysis of failures. Obviously,

courses that don't produce failures defy this portion of the study. On the other

hand, these courses contribute heavily to the inefficient use of certain resources
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due to the high no-show rate experienced. Thus, these courses were inputted

to the model as team courses (type code) to indicate their non-graded policy,

and will be discussed again in the section covering demand.

By far, the largest category of courses could be termed conventional or lockstep.

It was out of this group that courses were chosen for statistical analysis.

The majority used some method of grading, although there were several grading

systems in use. The reason for this non-standardization in grading could perhaps

be attributed to the fact that neither the grade nor the student's standing is

recorded in the data base maintained for the Fleet Training Center by DPSCLANT

as part of the student data system. Instead, this data base contains a Student

Action Code, or SAC, which indicates such status as student on-board, enrolled,

disenrolled for academic reasons, accelerated, or set back. This code gave some

insight into certain activities of the students, but again failed to provide a

dependent variable with which to measure student success. Thus it was decided

to obtain the actual grades and standing of students in a representative sample

of these lockstep courses in order to run the desired analysis. This was

accomplished by obtaining copies of all course records for 42 of these courses

for the last six months of fiscal year 1974. The numerical data gathered were

used as inputs to the statistical analysis study, while the instructor's notes

and subsequent interviews were used to determine portions of the model scheduling

and disenrellment logic. Another type of training conducted at the Center is

ILS, or Individualized Learning System. ILS:may take two forms at the Center,

scheduled instruction and Programmed Instruction (PI). Only one course is

currently held at the Center using ILS, and the model makes no special provision

for this type of training. On the other hand, once a course is converted to PI,

its administration is no longer a responsibility of the Center, and the course

does not appear in the model. As the TPF model is a flow, rather than Center

resource model, no provision is made to include the effort expended to convert

the course to a PI format.

Course Complexity. It was felt that the model should use as an input parameter,

some factor to indicate course complexity. However, no relationships between

actual complexity and failure rates could be determined. For example, course

0286, General Technical Stores Operation, produced a 35.4 percent failure rate,

while the failure rate for all courses in the technically more complex ET

school is between 1 and 2 percent. This is attributed largely to relevant

schooling and student preselection, and thus course complexity was removed from

our model input parameter list. NAVMACLANT has been doing studies that involve

the area of course complexity, and it is recommended that this area be pursued

further.

Course Length. Course length was initially included as an input parameter with

the belief that the longer the course, the higher the possibility for non-aca-

demic disenrollments for personal or operational reasons. Although course length

does offer a variable window for these conditions to exist, again no usable re-

lationship was found to exist directly. In longer courses, the increased

potential for dropout appeared to be overshadowed by the course's relevancy to

the job or challenging technical content, as well as by improved student selec-

tion. Also, it was concluded that, by and large, for courses greater than two
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weeks, students dropping out for non-academic loasons had similar character-
istics as those who fail. For shorter courses, especially those where the
training is not overly critical to the operation of a ship, the non-academic
dropouts are more aligned with immediate operational demands. Length is also
not used in calculating pass/fail statistics, but in the &ta base as
an independent ir,riahle for statistical study. The TPr model does use course
length as an input scheduling and AOB purposes.

Facilities. The Ferilities used to conduct classes were used as inputs to the
7137-5dil only to the extent they affected course capacity. These facility
capacities are also inputs to the SCRR model. No analysis is made as to the
type or quality or these facilities and their subsequent impact on the course
failure rate.

Media and Training Aids. As stated earlier, the studies centered on the char-
acteristics 0 the students, and the attempt was made to relate the failure rate
to the characteristics the student. Quite obviously, much can be done to im-
prove the course content through the use of various training aids or devices,
and during the study many indications of this were found. However, the impact
on failure rate from the introduction of new or improved training aids and
methods is an offline study. Thus, the use of these aids might revise the
failure rates for input to the model, rather than being a direct input.

1100.1. PersoenelainagEk. The SCRR model determines the feasibility of
accomplis 'h(ng the desired training plan with the direct teaching resources avail-
able. Thus, any proposed convening schedule should be verified using this model.
Neither model makes an ettempt to analyze other support personnel, or the effect
of possible reorganizations on these resources. Also, as only a small fraction
of the training at this Center is conducted in the evening, no attempt was made
in this study to analyze the relative effectivenes of training on different
shifts.

Location of rciAnino.. This d&& La element refers to the location of the .training
blse location. The most common interpretation refers

to a studei.4. ;e1.1 in the Norfolk area, versus one sent from outside the
area to attend schools. One class of this latter group of students, those
students on PCS rlers, was extracted and subjected to statistical study. PCS
code exists as pert 0 the statistical data external to the model. Ancrceer

interpretftion of locatior c)de found to have some significance was the fact
that the student was aboard ship or on shore duty. Again, this factor was made
part of the statistical analysis and not entered directly as a model input. A
third loca+ion code was identified, that of TYCOM sending the student. This

TYCOM code acjain used in the statistical analysis.

Outside AsIizpents/De nee of Remediation. Several of the courses require out-
ine-iiiTihmeniFp7Taseme enti la e percentage of the failures are caused
by lack of successful completion of these assignments. Likewise, most instruc-
tors were willing to spend considerable time and effort on remedial activities.
However, these parameters are not loaded directly into the model. This is be-
cause these factors are adequately covered by the student characteristics
already available. In the first case, outside assignments, a high correlation
was found Jetwe.-n lack of experience and the amount of outside effort necessary

113
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to assure success; likewise, in the same courses there was a simil* correla-

tion between experience and success. In the second case, remediation, this

remediation was available to all students, and thus, success when remediation

was required depended again on a combination of other factors. In summary,

the lack or availability of remediation may vary the overall course failure

rates. However, this failure rate is a TPF model input.

Relevancy to Job. This factor stood out quite strongly in the studies of

historica' failure rates. Probably the most striking example was the comparison

of course 3150, Storekeeper, Independent Duty, with a failure rate of 2.9 per-

cent, with similar course 4700, Storekeeper, Dependent Duty, with a failure rate

of 14.6 percent. These courses are quite similar, cover the same fields, both

award NEC's, and in fact have common sections. The difference in failure rate

must be attributed primarily with the relevancy to the job, coupled with the

obvious preselection of students. Again, this element is not used as a direct

entry to the model, but is considered as a statistical input.

Testin S stem. Finally, the method of grading came under review. As stated

ear er, several methods are used for grading. They vary from ungraded, to

arbitrary attitude decisions, to outstanding/good/weak systems, to point and

percentage. The method of grading was not analyzed as to its effect upon student

progress. Rather, it was necessary to standardize these inputs in the statis-

tical data base so that valid comparisons between courses could be made.

TPF CANDIDATE DEMAND DATA INPUTS. As with the course data, several initial
assumptions were made as to student input demand parameters. They were:

a. Number contending for training

b. Fallout during enrollment window

c. No-shows

d. Unplanned inputs

e. Attritions

f. Setbacks

g. Average-on-board

h. Timing of arrivals

i. Fleet movements

Weapons systems cycle.

A discus ;ion of these potential inputs follows.

Number Contending for Training. This term is analogous
self, during the study, was shown effectively to consist

the Center; that controlled by local quota control, and

to demand. Demand it-
of two components at
that controlled or
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scheduled by all other ogencies. The large majority of this latter demand
controlled by t'UPERS and, for purposes of this study, a u 1 students not scheduled

by local oicta control were grouped for demand purposes into the BUPERS
category. This inOilded Audents from the Coast Guard, Marines, Federal Bureau
of Investijation, and other Governmental and civilian agencies.

Fallout Ouripapiqjlixm.t Kinqpw.. This input element was intended to show those
quotas requer.;ted thel, cancelled prior to the course start. However, it
proved impructicisi to collect these data, so the item was dropped as an input.
One rationalization for this was the fact that during the initial appraisal of
the input paramears, it was felt that this fallout would increase as the course
backlog, or length of time till next qUota, increased. During analysis, this
was found not to be so. Fallout and no-shows were more a factor of relevancy to
job than to any wait time to attend a .course.

No-Shows. Meny 6tta were gaLhered to ascertain no-show figures for the school.
WO: irJ.nt ins a fie part of the Student Data System containing all
local quotas requi!sted and, subsequently, those quotas that are utilized. A

program was written at IBM's Cape Kennedy Facility, and through the cooperation
of DPSCLANT, nes': data were reduced for model input. A sample printout of this
report is shown in Figure: IV-3. No-shows were an important part of the study
as they steal rapacity and, in some instances, cause backlogs for critical courses.
The data obtained from DPSCLANT nut only contain the numbers of no-shows, but
ship type, lead timQ, TYCOM, and numbers of quotas actually utilized. Only no-
show percentages were used as model inputs, but it is believed that additional
statistie41 analysis of this area will prove useful.

There is an indication that a strong statistical relationship exists between non-
acadenic dropouts And failures for coerses greater than one week. This was one
of the areas, however, that because of time limitations, could not be pursued.
Thererore, thr' modl presently uses historical non-academic rates as an input,
with other pruvisiLns for future updating through the statistical program inter-
face. One probi m area 'Ancnvered in the statistical analysis of failures was
actually "what a failure." The best example of this is in course
536N, Jolla' Feedwmter and Test. During the last six months of fiscal year
1974, this course recorded one failure, while a much higher percentage of the
students wve not certified upon course completion. This again points to the
desirability for standardization in grading systems.

AveragkOn acrjrd. At the beginning of the study, this variable was considered
an inoui17Be wed by the model as a control figure. During the development,
h1)4.1v2,', it was drowed as it was felt more desirable to calculate the AOB
based u; lands a Ai convening., and let the user interpret the results and
mmally adjw,t the inputs to achieve the desired results.

Timing of Arri,als. One problem confronting the Center is the extreme varia-
ebns and IeWirny .1npredictIble arrival rate of students for training. This

unpredietab'f, nature of the inputs is compounded by Fleet movements, the number
of sour.:es of students, and the variety of priority schemes. Fleet makeup and
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1

2
3
4
S
6
7
8
9
10
11

N IC P CECIL 00853 LT PATTEASON
N 1MEREDITH 001190 ENS HANNUM
N 1VOGELGESAU4862 ENS SHACKELFORD
N 3SARATOGA CV60 CH SANOERTER
N 4PORTLAND LS037 53
N 4M WHITNEYLCC20 PN2 BROWN 1510
N SCALOOSAHAAOIR ENS IRLAN
N SSAN DIEGOAFS6 PN2 ROHLFLING
N 5SHAKORI .ATF162 ENS SPANGLER
N 61 Y SPEARAS36 PN3 FRYo0
N 9NAVWEPSTAUALGRENENS KICHIE

J-3E/580-
J-38/500-
J-38/580-
J-38/580-
J-38/580-
J-38/580-
J-38/580-
J-38/500-
J-38/580-
J-38/580-
J-38/500-

1

1

2

1

1

3
1

1

1

1

1

1

0
1

0
0
2
0
0
0
0
0

1

1

1

1

1

1

1

1

1

1

1

COURSE: 8202 QUOTA REQ: 14 QUOTA UTIL: 3 NOSHO: 11

1 N 'CORRY. 00817 ENS LASKINS J-201- 1 0 1

e N 1CONYNGHAPD0417 101 J-201- 2 0 2
3 N 4F MARION LPA249 LT JOHNSON J-201- 1 0 1

4 N 4INCHOM LPm14 LCDR GILLEN J-201- 3 2 1

N 4HARLAN COLST1196EwS OUOuY J-201- 1 0 1

6 N 4BOULDEK LSTI19OLT FNEEHILL J-201- 1 0 1

7 N 14YLVANIA AFS2 LTJG BLAKESLEY J-201- 3 0 3
8 N $BUTTE AE27 LT BUTLER J -201- 1 0 1

9 N 4BUTTE AErt LT BUTLER J-201- 1 0 1

i0 N 30PPOKTUNLARS41 LTJG BROWN J-201- 1 0 1

11 N SSEATTLE A0E3 LT PLANTE J -201- 4 2 2
12 N 5SHANKORI ATF162 LT ALM ,J-201- 1 0 1

13 N SSEATTLE A0E3 LT PLANTE J-201- 2 0 2
14 N 6KIrTlwAKEASR13 PNC FIELD J-201- 1 0 1

15 N qcoPmsTA NORVA CH CODERS J -201- 2 0 2

COURSE: 8274 QUOTA REQ: 25 QUOTA UTIL: 4 NOSHO: 21

1 N IAYLWIN UE1081 ENSOENEGRE J-201- 1 0 12 N IR E 8YRU 00G23 LT MILLER J-201- 2 0 2
3 N IR E BYRU 00023 LT MILLER J-201- 1 0 1

4 N 1TALBOT UEG4 ENS CHAMBERS J -201- 1 0 1

5 N IVREELANO DE1068 111746Z DEC 73 J-201- 1 0 1

6 N 1VOGELGESA00862 413 J-201- 1 0 1

7 N IWAINWKIGHLOG28 RM1 STELSER J-201- 2 0 2
N 4SAGINAw LST1188ENS ELAN J-201- 2 0 2

9 N 4CORONA00 0011 RMC SMALLACOMBE J-201- 1 0 1'.

10 N 48KNSTBL CLST1197PN2 OLEGARIO J-201- 1 0 1

11 N 7MORGENTHAwHEC722154220 J-201- 2 0 2
12 % 7MIDGETT WHEC726LT OLSEN J-20I- 1 0 1

COURSE: 82R2 QUOTA REQ: 16 QUOTA UTIL: 0 NOSHO: 16

FIGURE IV-3 SAMPLE NO-SHOW SUMMARY PRINTOUT
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movements offer one potential for a model to be associated with the TPF model.
Through the study of historical data it is possible to predict the demand for
many of the courses based on ship type and TYCOM. However, a large portion of
the students at the Center are oetailed from BUPERS, whose planning cycle is
outside the 'pre'ent scope of the TPF model. Secondly, many students are

seasonal, suc as midshipmen and reservists, which again would form another
input to any Fieet model. Another complexity to a Fleet model is the priority
schemes or coata4 monrj and within TYCOMS. Finally, precommissioning
activities impo"P demonds that are unique in nature and add to the complexity.
During PhaLie I u this _tudy, a Fleet model was discarded as of limited value
in a model system of this type. During this study, it again became apparent that
the benefits tr be obtained L.) the dynamics of an input .Fleet model are not 4

presently worth the large additional effort.

Wenons Smto Cycle. This input again represents an attempt to automatically
introduce dynamics to Jae input demand. However, this input requires offline
analyses, and the demands imposed by the various stages of the weapons cycle
can manually be inpottld through the standard model schedule and demand inputs.

DATA BASE INPUTS.

All model parameters for the TPF model can be stored in the DOTS data base.
Volume III 'contains the complote Format and update procedures for loading and
updating. However, certain of these data elements should be defined in this
model to assure proper operation of the TPF model. Also, all formats and

further definition are found in Volume III, Section IV, of this report.

Many of the Ota agjregated for the current TPF model have been obtained from
several sourcits. A program was written to assist the gathering effort, and to
analyze the Ofference' in data from alternate sources. An example of the data

gathei inu ma!; is .awn in figure IV-4.

CDP. ThL CDP uumber Ole new 4 character data processing code for all courses.
This code is requiloC, fur data base. input, but is used for printout identification
only in the TPF

SCHOOL. 1 t sAool coie is the 6 character code for schools of the Fleet Train-
ing Center. The TV model calculates totals upon encountering a new school code
in the inFlt treas.,. Thus, it is important that care be taken that the correct
code is criLerc, and that the courses be entered in sorted course order.

CHANGE DATE. Thp :har.ja date allows the model to represent course changes. The

"A" conveni.rgs, ehgths, and capacities will be used by the model prior to the
change week, an! the "B" convenings, lengths, and capacities will be used follow-
ing tle cha%a week. The data entry fur change week itself is the week of model
run in which the "A" schedule should be dropped and the "B" schedule picked up.

An entry of 53 (first week of second year), for example, would indicate that the
"A" schedule st:ould be used for the first year, and the "B" schedule for sub-
sequent years.
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CONVENINGS (A B). This represents the annual convenings per year for a
course or, in the case of a course undergoing a change, the convening frequency.
For eAample, if a course convenes every other week fpr the next three months,
then ends, the "A" convenings should be entered as 50, the change week entered
as 13, and "B" convenings :hould be entered as 0, which will terminate the course.

LENGTH (A AND r) . Longlh represents the actual course length in weeks, and is
entered in tic data base with 1.0 representing a one week course, and 0.2 repre-
senting e one day cots, se, "A" represents the course length prior to a course
change, and "b" represents the length subsequent to a change. Only the "A"

length is required if no change is indicated. The TPF model executes using
course length in either weeks or days, depending on the option chosen through
the A08 constant parameter. If the days option is chosen, a two week course
(2.0) will be converted to a twelve day course by the model (10 school days plus
two weekend days),

CAPACITY (A ANC B). This represents the current limiting student capacity, per
class, of the course. "A" represents the length prior to a change date, while
"B" represents the length subsequent to the change date. This capacity is the
maximum allowaPle strident input, acrd includes locally scheduled students, as
well as BUMS sche!!ulel students.

BUPERS CAPACITY (A AND 0. r;is is the number of seats controlled by BUPERS or
other agencies, and is a portion or all of the capacity of the class for those
courses under SUPERS control. If a BUPERS demand is indicated with no BUPERS
seats, a wanting message will be printed and the BUPERS demand will be honored.

BACKLOG. This represents the length of time in weeks a student must wait for a
scheduled fieota in o course whrse nearest convening is totally booked. This back-

log in wee'es is converled to ;tut:hilts backlogged during the TPF model initializa-

tion. The 7P1_ repo"t thQ backlog in both weeks and students. Some intu-

ition must v-ad to resolve '.hose unique cases where the actual backlog in
weeks is lut clear. 1-xamplee of this situation are courses that may convene
very infrequt .tivi or those courses with quotas reserved by 1YCOM, such as where

all quotes ar.! eAcept for CuMSUBLANT. It is anticipated L'.at the data

base wil: mok:ifiod to al,ow the backlog input to be in students during the

Phese III effort.

DEMAND. This ropeas the planned annual input to the course for students
booked throeh quota control. It does not include students scheduled

through BUPEPS.

%PERS DEMLNO. This input represents the planned BUPERS annual demand for the

court e. This aixual de'r id will be honored by the TPF model, even if overbook-

ing of classes is involved.

FAIL RATE. This represents the historical failure rate for the class, including

academic dropouts. Statistical inputs can overwrite these data for selected

courses.

NO-SHOW RATE. This is the historical eo-show rate for students scheduled through

local quota control. This is defined as "No-Show Rate = No Shows/(No-shows plus

utilization)."
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NON-ACADEMIC DISENROLLMENT RATE. This represents the historical dropout rate
for non-academic reasons.

J NUMBER. This is the last 4 digits of the J numbering system (presently being
replaced by CDP designations). All J numbers for the Center end in 2. This
number is used both for reference purposes, and also to load statistical data,
as DPSCLANT historical data files have not been converted to CDP numbers.

OFFSET. Offset is an optional input and is used to modify the schedule matrix
to allow fine tuning of the acteel convening date of courses with low convening
frequencies. The primary purpoe of offset is to assure that the AOB created by
a course convening is allocated to the proper quarter. Courses with convening
frequencies between 1 and 50, will convene according to the matrix shown in
Figure IV-5. Offset allows the user to shift this matrix to the right or left.
For example, an offset of 3 will subtract 3 from the actual week in session.
Thus, week 4 of the model run would use week 1 of the matrix; model run week 5
would use matrix week 2, and so forth. This matrix should be considered a "wrap
around" matrix, that is, week 53 should be treated as week 1.

122
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NEC/CATALOG NUMBER. These two elements are printed in the TPF model report

for references. They are obtained from the DOTS data base, are not used in

processing, and are not considered model inputs.

OUTPUT PARAMETERS DESCRIPTION

The primary TPF model output is the yearly course summary format, shown

in Figure IV-2. This format is broken into two parts; the left portion which
gives a synopsis of the input data, and the right hand side which tabulates the

fiscal year projections based, in part, on those input data. The data elements on

the left have been previously described. The following discussion will, there-

fore, concentrate on the yearly course projections.

FORMAT. The output is broken into 4 quarters of equal length (13 weeks). The

first quarter is assumed to start 1 July of the fiscal year. This is signifi-

cant as the model will not run courses during the Christmas period, which is
assumed to be the last week of the second quarter, and the first week of the
third quarter. Ahnual wtdis, as well as percentages, are printed for applicable
data elements.

NUMBER OF CONVEN:NGS. This represents the total convenings of the course, by

quarter. A convening date is defined as the day of the first class for a course

section. Thus, convenings are accumulated for a quarter based on the beginning

date of the class. For example, if a course with a length of 11.0 weeks con-

vened in the 13th week of the 1st quarter, the convening will be counted in the

first quarter, even though the bulk of the student AOB falls in the second quarter.

The model calculates course convenings based on annual convening frequency, the

current model week, offset, and change week. An example in the use of change week

to terminate a course can be found in Figure IV-2. The first course, CDP number

3081, is scheduled for disestablishment approximately 7 November. A change week

of 18 is entered with a new convening frequency of zero, and it can be seen that

the course is terminated with only one convening in the second quarter and none

thereafter.

COURSE CAPACITY. This represents a total of the limiting student capacities

on the day each course was released, by quarter. On the.day a course convenes,

the model tests if this convening is prior to or after a schedule change date,

and the current capacity is used.

UTILIZATION. This is the total number of class seats occupied on the day the

course convened. That is, it is a total of the local quotas granted, minus no-

shows, plus BUeERS input, plus substitute quotas. The exact algorithm that con-

trols this is discussed in the Program Description portion of this section.

This algorithm does make allowance for overbooking of critical courses. An

example of this Is course 3400, in Figure IV-2, which shows that during the

first quarter this course ran at an average of 102.2 percent capacity to work

off a schedule backlog.

NO-SHOWS. This is an historical average of students not showing up for the

course who had previously been granted quotas. Only that portion of students

schedule through local quota control is counted in the no-show figure.

IV-16
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Students scheduled from SUPERS do not contribute to no-shows in this model

as: (1) they are usually under TAD orders; and (2) the school has no record
of these students until they arrive. No-shows also are not derived from

substitute quotas for obvious reasons. Based on this use of no-show rates, it
is important that the historical no-show rate entered in the model be based on

the sum of no-shows and utilization, and not on utilization alone.

BACKLOG. Backlog is defined as the time a student must wait for a confirmed

quota in a course that is booked. The backlog printout is a snapshot of the

actual backlog on the last day of the quarter. The model input portion of the

format gives the initial, or beginning backlog, while that contained in the

annual totals column is the ending backlog, which is identical to the 4th quarter

backlog. Backlog is entered in weeks and is converted to students who hold

quotas. The output report shows backlog in both weeks and numbers of students.

AOB STUDENT DAYS. Student days is the total, by quarter, of the number of days

each student has spent in a course that quarter. Thus, it is possible to show

student days in a quarter that had no convenings. Students set back to a course

do not count as utilizations, but the student days spent in that convening are

totaled. Two methods of calculating student days are available in the TPF model,

with the method decided by the value of AOB constant entered. If this constant

is less than 300, student days is the total of class days times students,

adjusted for setbacks and quarters. If the AOB constant is 300 or greater,

student days include weekend days for courses longer than one week. If a course

spans two quarters, the weekend days for that week the span occurred are charged

to the quarter in which the course convened. AOB is the student days divided by

the AOB constant, which is a model input parameter. This AOB is multiplied by 4

for the quarterly outputs.

PASS/FAIL, ETC. These are historical pass/fail and non-academic disenrollment

percentage rates. Updates to these factors require additional statistical
analysis of current data. Academic setbacks are hard coded into the logic of

the model and are based on the fail percentages. The criteria for setbacks are

discussed under the logic design potion of this section.

MODEL/DATA BASE COMMUNICATION

Communication with the data base is a one way flow, utilizing a group of

support programs to make data base parameters available to the model. This flow

can be seen in Figure IV-1. The flow initiates with the procedure to create a

temporary, or scratch data base. This gives the user a capability of modifying

the temporary data base to run the model. A program, UNLOAD1, exists to re-

format these data for input to the TPF model. This program breaks data base

parameters into two data sets. The TPF model utilizes multiple input data

sets to minimize both core storage requirements and execution time. The only

calculation occurring during this operation is the blanking of the NEC code,

should the number 0 occur. The program also makes available a card image of each

of the data sets. The user can either print or punch these data by changing

the JCL control card. Thus, the user can obtain a punched deck of all TPF

model inputs from the data base. This in turn allows the user an alternate
method of modifying data for direct input to the TPF model. Finally, this

interface exists in its present configuration as this is the planned "port" for

direct communication with the model through a terminal communication system. 6
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The statist;cal data eathered in this exercise consists of two data sets, the
longest containing over 27,000 physical records of 40 data elements each.
This collection of date has been termed the statistical data base and is
explained fully in Volumo III, Section IV, under Statistical Data. As these

statistical data are rei7ined, it is anticipated this data base will be utilized
on line.

LOGIC DESIGN

In general, the design of the TPF model is such that it might be termed a
front-end lewled medel. That is, all schedule and demand conditions for a course
are loaded at the bcginniele of the year, and the model then projects the re-
sultant conditions for the remaindar of the year. Likewise, the basic model
projects, rather than predicts. That is, the model itself is a true simulation,
or mathematical represent tion of the mechanics of the overall scheduling func
ti on for the Center. All 1:!,:oi funotions that affect student flow are modeled
to a detail Amilar Lc. the lctual or...-ations at the Center, which include quota
cont:ol, DUPERS detailing, scheduling, failures, and setbacks. The model out-
puts, however, can be predi4;tive if thl inputs themselves are predictive. To
UELI the model for decision making purposes, the user must input his predictions
of demands, schedule chanl,:s, new courses, etc., and the model then projects
the annual throughputs, ftilures, AOB's, and such, based on these predictions.
Likewise, a simulotiol model is not an optimization model; the large number of
variable input parameters precludes this. The user can manipulate the model
inputs to achieve optimal results.

PROGRAM LOGIC DESIGN. Tne TPF model consists of a main control program and six
subroutines, all coded 4n the FORTRAN language. This structure was chosen for
several reasons. Al" input k:ata enter through the main control program, which
edits 'the inpui. cald but .cis a matrix for communication between the sub-
routines. Tthis, if i. it r,,! ti should be changed, such as entering backlog
as student, r. thur th Li,e oresent method of entering weeks, only one routine
would require a minor ch,nge tri,1 no ,revalidation of the other subroutines
wou'd be requind. As ano'ller example, the entire scheduling routine is con-
tained in albroutincl CRSRLS. This subroutine represents the methods and pro-
cedures currently in '1..ne Center. Should it be desirable to represent
other centers with different methods and procedures, a new subroutine to repre-
sent that center cou7d oe w ltten, and the appropriate subroutine could be
linked to the u') el A exe.xte time. In summary, the model has been written in
a modul,r foil '0 as t) allow adaptability and ease of modification without
extensive .eewr.cp.

One final fei:t,r we: paramount to the design of the model, that of execution
speed. Other lor:Jages, such as Dinmo and GPSS, could have been adapted to
the problem at hand. However, each of these is a general simulation, and
compromises would have been required in a model of this size. Probably the
greatest compromise would have been in execution time. The TPF model currently
requires 3.6 minuLcs elapsed time for an annual process of all 12F courses pres-
ently active at the Fleet Training Center, and to print the 54 page summary
report. This execution speed is due in part to the fact that all model run data

IV-18
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are stored in a matrix that is core resident, with no disk access required. Also,

special attention has been paid to real-time programming techniques, such as the

use of the "arithmetical if" rather than the "logical if", the latter being more

convenient to use but substanti4lly slower in execution.

Program - MAIN. The program MAIN is the control portion of the model. The first

consideration in the design of this program was that it was to be the primary
interface with the outside world. All input data and control inputs enter
through this program. One requirement placed upon this program was that the
model should execute even if an invalid parameter is specified on an input card.
Nothing is more discouraging than sending a job to the computer center, waiting
two days for the turnaround, and then finding that the job was not run because

of a keypunch error on an input card. Because of this, over 50 percent of the

program MAIN is spent in editing input data. An example of the logic used for

data error detection and correction can be found in the entry for years of the

run'. The feature of entering years of the run is somewhat cosmetic in nature, as
these figures are not used for input calculations, but are printed on the output

report to identify the years of the run. The number of years of the run (or

model yearly cycles) is determined by subtracting the first year from the last

year; if the result is negative the result is made positive and the years inter-

changed. If only one year input is present, the model will run only one year; if

no years are present, the model will default to 1975 and run for one year; if the

years of the run are greater than three, the run will be clamped to three years. Most

other data elements go through some sort of error checking, especially tests for

invalid, negative, out-of-range, or logically invalid conditions. The data

elements found in error are zeroed or clamped at some value, an error or warning

message printed, and processing continues.

The program MAIN also sets the run condition flags for communication with the

subroutines. Nearly all of this communication is through the use of FORTRAN

common, rather than subroutine parameter passing. This is to aid documentation

and assure ease of modification. The name PASS in one subroutine means the same
thing as the name PASS in any other.subroutine, reducing the need for redefini-

tion within each subroutine.

Except for one routine, the rest of the MAIN program logic is straightforward,

using standard FORTRAN coding techniques. Three major cycling paths exist in

the model; the year loop, the quarter loop, and the week loop. One of these,

the quarter loop, can undergo alteration to initialize the model. The TPF

model does not snapshot existing conditions, but rather it views conditions over

a period of time. It considers the schedule and classes as they are today, and

projects for one year. One important factor must be recognized. There may be

70 courses In session that were started in a preceding period and which, because

of their length, terminate in the first quarter being projected. To represent

this, the quarter loop can reconfigure and, for the initialization phase, the

model operates as though it were the quarter prior to model start. No totals are

accumulated for the run; the only effect is to release courses so that they may

be active at model start. Subroutine PRERUN is used to accomplish this, and this

initialization will be discussed in further detail in that segment. This initia-

lization is important to properly calculate AOB and establish initial student flow.
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The lowest order cycling loop in the model is the week loop. This loop first
scans each course loaded in the model, one at a time, for a course that should
convene that week. It does this by testing the convening frequency of the
course against a matrix loaded in core, for convening frequencies of 1 to 50
convenings per year. Before this comparison is made, the matrix is rationalized
for offset, change week, and multiple convenings. This routine is described
immediately following this segment, but for now, all that is necessary to know
is that if this matrix returns a code that the course should start, subroutine
PRERUN will be called and the course started. When a course is started, it is
placed in an active matrix, which is described in the subroutine PRERUN segment.
Upon completion of the test for possible convening of all courses, the MAIN pro-
gram then tests all active courses to see if any end in that week. As the model
cycles on a weekly basis, many courses will begin and end in the same weekly loop.
When a course is found to end, subroutine CRSEND is called which closes out the
course, allocates the AOB, and calculates attrition. When all of the 300 possible
active courses have been tested, the weekly loop recycles to run another week.

Every 13 weeks the quarter loop cycles, calling subroutine QRTEND, to allocate
AOB against quarters and accumulate totals. Finally, after 4 quarters, the year
loop cycles, calling subroutine YEARND, which controls printout for the yearly
report.

Schedulin( Algorithm. Several scheduling algorithms were studied as candidates
for this modeT. One of the most common schemes uses a calendar and requires
some form of input date for each convening. This is suitable for a simulation
of construction projects or other projects with few convenings and absolute
accuracy requirements. However, it is not usable when there is the possibility
that a Fleet course may have over 400 convenings per year. Thus, an accurate
but efficient routine was needed. As part of the design effort, the actual con-
vening dates for many of the courses were plotted. These plots were then
analyzed and an allowance was made for common holidays. The data were then
transferred to the matrix shown in Figure IV-5. This shows the scheduled con-
vening weeks for courses with a convening frequency of 1 to 50 per year. Many
courses convened more frequently thah this, and these are handled by breaking
them into multiple courses, each with convening frequencies of less than 50,
but whose overall convenings are the same as the original. For example, a course
with 51 annual convenings is handled as two courses, one that convenes 26 times
annually, and one that convenes 25 times annually. Using this technique, the
TPF model can handle courses with up to 500 annual convenings. The convening
matrix itself is stored in core and named ISCHED, with data loaded in hexidecimal ;

format - FORTRAN allows the loading of hexidecimal data, but does not allow indi-
vidual bit testing or manipulating. Therefore, a synthetic method of bit testing
was developed. This technique involves extracting the proper bit pattern by divi-
sion by various constants based on week and quarter, which leaves a 1 in the low
order bit position if the course is to start, or 0 if it should not. This extracted
bit pattern is then tested to determine whether the low order bit is a 0 or 1,
which is accomplished by a division by integer 2, and then a multiplication by
integer 2. If the result is the same as the original, the low order bit was 0
and the course is not released. Two rationalizations must be made prior to look-
up in this table. First, if a course convenes only once a year, the matrix will
start it the first week of the model run. In reality, this course may convene
on the 21st week. Offset was introduced as an input to the model to allow fine

IV-20
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tuning of the course release date. An offset of 20, for example, will tell the
model to enter the schedule matrix as week 1 when the model is in the 21st week.
This is useful to assure that student AOB is allocated to the proper quarter.
The second parameter that may modify the schedule algorithm is "change week".
This parameter allows a course to run for part of a year under one set of con-
ditions, and the remainder of the year under a second set of conditions.

As this technique uses matrix lookup, the table must be protected for invalid
entries while preserving flexibility. If the convening frequency is 0, the
matrix will be bypassed and the course is not run. If the week is greater than
52, 52 is subtracted from the week until it is less than 52. If offset is
positive, such as 21, no courses will be released until the 22nd week, regard-
less of the convening frequency. On the other hand, a negative offset of 31
would accomplish the same schedule shift, and courses could be released from the
start of the model run.

Subroutine CRSRLS. The course release subroutine contains the scheduling logic
for the Center. This includes keeping backlog counts, scheduling only local
seats, and overbooking certain courses with high no-show rates. The logic of
this subroutine schedules the BUPERS students based on the annual BUPERS plan,
divided by current convening frequency. This is done even if the result
exceeds the seats controlled by BUPERS. Next, locAl quotas are released. This
is accomplished by releasing students to a backlog pool based on local demand,
divided by current convenings. This pool is released to the course up to the
local capacity. No-shows are then calculated using historical no-show percentages.
Only local students are used for this calculation as BUPERS students generally are
on TAD or PCS orders, and are not identifiable as no-shows. Finally, for courses
running near capacity, up to 10 percent of the capacity is released from the
backlog pool as substitute quotas. This routine then builds an entry in the
course active matrix. Included is utilization, weeks till termination, and a
term to allocate AOB between quarters and between classes if a student should
be set back. This subroutine closely represents the scheduling methods in use
at the Center. If other centers, with different algorithms, should be studied,
this subroutine would most likely be replaced by one representing the location
under study.

Subroutine "rerun. As mentioned previously, the model can run in an initializa-
tion mode for one quarter prior to the actual model run. Subroutine PRERUN is
called by CRSRLS any time the model is in the initialization mode. It is re-
quired for two functions. First, courses are tested prior to release to ascertain
whether they should be running at model start or not at all. Second, this sub-
routine allocates AOB for those courses to assure that AOB applicable to the
first quarter is charged to the first quarter.

Subroutine CRSEND. This subroutine is called any time a course is found to end.
Three functions are performed by this subroutine, closing out the active course,
disposing of the students, and allocating AOB. The first function merely consists
of deleting all reference to the course from the active matrix. Disposing of
the students is more difficult. Failures are calculated first, using the
current failure rate. This is either the historical rate or a revised failure
rate, calculated by the statistical update program. Whichever failure rate is se-
lected, it is constant for the model run. Two avenues for further study have been
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apparent during the design of this model. First, it is believed that the

interface with the statistical data could be made dynamic, giving individual

classes individual characteristfcs. Second, no provision is made to show.

reduction in AOB due to a failure dropping out of a course prior to its com-

pletion. There are two reasons for this latter condition. First, the dropout

rates have a relevance to the job the student is to perform. In the case of a

supply clerk, he may complete the course even though he is an obvious failure,

because despite the failure, he will be doing the job. Second, over 85 per-

cent of the failures are from courses one week or shorter where the early termi-

nation is insignificant.

The second student category calculated is non-academic disenrollments. Again,

these students are calculated from static percentages, and as no data were yet

available, no reduction was made to AOB.

The last student category is setbacks. Setback logic currently allows setbacks

for those courses three weeks or longer, and where more than one convening is in

session at a time. This setback rate is currently based on a fixed percentage

of failures per class. A03 for setback is allocated between the "entered in"

and "finished in" convening. Finally, this subroutine calculates AOB based on

the current calculation method in effect.

SubroutineQTREND. This short subroutine is used to accurately allocate AOB

between quarters. Only the active courses are tested at the end of a quarter,

the accumulated AOB is charged to the current quarter, and the active course

AOB is adjusted accordingly.

Subroutine YEARN!). This subroutine is used to print a short form printout of

quarieiTy model data. This printout can be called by a Trace flag on the para-

meter card. If this Trace flag is nut ON, subroutine NPRINT is called.

Subroutine NPRINT. This subroutine accumulates annual data, prints the annual

course, school, and Center quarterly reports, and restores the model for execu-

tion in multiple years. A sample of the course formats is shown in Figure

IV-2 while a sample of the school and Center formats is shown in Figure IV-6.

LEVEL 1 VALIDATION SCENARIOS

The TPF model is a simulation program representing the physical operation

of the Fleet Training Center, Norfolk, 'Virginia, and is written in the FORTRAN

language. Unlike the other models discussed in this report, the TPF model uses

no predeveloped programs as part of the simulation. Thus, the entire mechanics

of the model required validation, along with the validation of the simulation

algorithm.

MODEL ARITHMETICAL VALIDATION. The first step in validating the TPF model was

to exercise the model in all possible modes. The first run consisted of running

the models with course convenings of 1 to 200, and then verifying that the

proper number of convenings occurred. Next, the lengths were varied, and one

student placed in each convening to verify the AOB calculations. The offset

was validated for both positive and negative values of up to one year. Each of

IV-22
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the other algorithms, such as those for BUPERS control, no-shows, substitute

quotas, dropouts, setbacks, etc., were exercised one at a time and in combina-

tions to verify that the desired results were obtained. The listings for

these validatiQns are lengthy, however, and are not included as part of this

report.

VALIDATION SCENARIOS. General validation runs were executed utilizing the TPF

model to verify the utility of this model as a tool for evaluating change.

Four of these runs are presented here.

Excessive No Show Rates. The course, Boiler Feedwater and Test, was used as an

example to shig-Erinity of the model in evaluating the real cost of no-shows.

The data used in this example are not current since this course has been totally

restructured. The prior data, however, are useful for this example. In this

hypothetical example, the course was operating with a backlog of about 20 weeks,

but was running at only alies.At 80 percent capacity because of a high no-show rate.

The TPF model was executed to show the improvement that could be expected by

cutting the current no-show rate by 25 percent and 50 percent. The results of this

experiment are shown in Figure IV-7. The top portion of this figure illustrates

the results obtained by executing the model with all course data drawn directly

from the data base, so as to shw quarterly and annual predictions for the course

under existing conditions. The center portion shows the results with the no-show

rate cut to 18.3 percent, while the bottom portion shows the results with the no-

show rate cut to 12.1 percent. All other parameters were held constant. Under

existing conditions, it is projected that 618 students will utilize the course

annually, with the reduced no-show rates improving this utilization to 667 in the

second case, and to 717 with the no-show rate cut to 12.1 percent (50 percent of

the original r4ate).

It was then uecided to establish the number of additional convenings necessary to

achieve the higher utilization if the no-show rate could not be reduced. The

convenings were increased in increments of 4 until the desired utilization was

obtained. The results of this experiment can be seen in Figure IV-8. Again,

in the top portion of this figure, the model was executed under existing conditions

to establish the baseline. In the center portion, the convening frequency was

increased bi 4 to 52, and in the bottom portion it was again increased by 4 to 56

annual convenings. The bottom portion gives a projected utilization of 720, which'

is close to the 717 utilization obtained by reducing the no-show rate by 50 percent.

Thus, it can be predicted that the cost of just half of these no-shows, in terms

of resource impact, is 8 convenings per year.

Variation in student Characteristics. In this example, it was desired to observe

the varTatiorriTIEFIETaTWITTE might be expected if the average of certain

student characteristics were varied by plus and minus 5 percent. The course

chosen for study was Air Conditioning and Refrigeration. The student character-

istics varied were the average GCT and ARI test scores.

This example required a two part solution. The first portion of this can be

seen in Figure IV-9. This figure shows this course (number 4552) with the failure

rate calculated on the left, the GCT and ARI scores increased by 5 percent in the
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IV-24



TAEG REPORT NO. 12-2

center using existing averages, and on the right with the GCT and ARI scores

decreased by 5 percent. The programs used in this example were the off-line

FAIL1, FAIL2, and FAILS. These programs predicted that the failure rate would

decrease to 7.9 percent with a 5 percent increase of the test scores (as compared

to ai existing failure rate of 11.6 percent), and would increase to 15.3 percent

with a decrease in test scores of 5 percent.

These new failure rates were introduced as inputs to the TPF model to establish

the corresponding throughputs. The results of this experiment may be seen in

Figure IV-10. All other input parameters were held constant. In the top example,

the lower failure rate was used, giving a throughput of 325 passing students., The

center example used the existing failure rate, predicting a throughput of 309

passing students, while the bottom example, using the higher failure rate, resulted

in 293 passing students. Thus, it can be predicted that a change of 3 percent in

test scores will modify the failure rate by approximately 3.7 percent, resulting

in a change of about 16 passing students annually under current conditions.

Backlo Reduction. This example illustrates how the TPF model can be used to

eve ua e course c anges required by temporary imparts. It is assumed that the

course, Introduction to 3-M, has been impacted as a result of an extremely large

number of students requesting the course due to precommissioning activities, re-

sulting in a current backlog of 10 weeks, or over 1400 students. It has been

decided to immediately increase the convening frequency to 4 per week (176 annually)

to work off this backlog. However, the peak demand is assumed to be temporary,

and the demand figures from the original plan are believed to be valid.

The TPF model was used to establish the effects of first, continuing this higher

convening rate indefinitely; second, returning to the original schedule in 6 months;

and finally, returning to the original schedule in 3 months. The TPF model results

may be seen in Figule IV-11. The top example shows the results obtained by con-

tinuing the course indefinitely at the higher convening frequency, resulting in an

annual utilization rate of 74.7 percent. In the center example, the convening

frequenc., was cut to 3 per week (132 annually) at the end of 26 weeks. This re-

sulted lb an annual utilization of 85.6 percent, with the backlog totally elimi-

nated by the end of the second quarter. In the bottom example, the course was

reduced to its original convening frequency at the end of the first quarter (13

weeks). This resulted in a utilization rate of 91.3 percent, but still showed

a 4 week backlog at the end of the second quarter. These figures present some

of the insight necessary to choose the proper course of action.

Align Ca aci t to Demand. In this example, the TPF model is used to evaluate the

e fects o reducing course convenings in order to bring utilization to a more

favorable percentage. In the example, the course has been experiencing a utiliza-

tion rate of less than 50 percent, and it is desired to increase this by a reduc-

tion in convenings. However, the situation is clouded somewhat by a relatively

'high no-show rate and a current temporary demand caused by precommissioning

activities.

The TPF model was run to test the results of reducing the convening frequency

immediately to 20 annual convenings and 16 annual convenings. The results of

this are shown in Figure IV-12. In this figure, the top example shows existing

conditions as a baseline, indicating an annual utilization rate of only 50.7 per

cent. In the second example, the convening frequency is immediately cut to 20,

giving an annual utilization rate of 61.2 percent. In the bottom example, the

convening frequency is immediately cut to 16, resulting in a more favorable

utilization rate of 77.1 perce2.n, without an excessive wait time (backlog).
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SECTION V

MODEL TEST APPLICATIONS SCENARIOS

CONDITIONS FOR MODEL APPLICATION

The three DOTS models can only be useful when applied to a training system

which is changing or which can be changed. If the training system remains

structurally the same and responds to new demands, either by absorbing them

in excess system capacity or by refusing to accept new requirements, the models

are usefu; only to the extent that their bookkeeping capabilities can be used.

Demands placed on the system can originate from a variety of sources, but can

be classified roughly into two categories: quantitative demands and qualita-

tive demands. Quantitative demands are those which require system output to

change numerically. The system is required to produce trained personnel of the

same kind and in the same way as in the past, but the numbers trained in

different courses are changed.

Qualitative demands are those which require the system to produce different

kinds of trained people, or people trained by different methods. Qualitative

demands can originate external to the system (e.g., new equipment training) or

internal to the system (e.g., introduction of new instructional methodology).

Regardless of type, qualitative demands require the system to be changed in

some way other than rearrangement of existing courses and resources. Figure

V-1 shows the basic response to qualitative and quantitative change.

PROBABLE APPLICATIONS OF DOTS MODELS

Before discussing the most probable applications of the DOTS models in differ-

ent system environments, the basic purpose of each of the three models should be

re-stated:

a. SCRR model - determines optimum arrangements of course convenings,

instructor, and other resources to produce a particular quantita-

tive system output.

b. TPF model - given convening schedules and course types, the TPF

model predicts true system output based on a qualitative descrip-

tion of the students entering the system.

c. ETE model - given available resources and course configuration,

the ETE model predicts course throughput and resource utilization

when individualized learning techniques are employed.

From these model objectives, some general rules concerning model application can

be inferred. The SCRR and TPF models complement each, other and will be equally

applicable to a particular problem. The only exception to this is that the TPF

model has bookkeeping capabilities useful in producing training system status re-

ports, and so will find some application regardless of training system operation.

The ETE model, because it deals specifically with the use of individualized learn-

ing techniques, is less general than the SCRR or TPF models. Also, because it can

function either as a design tool or in monitoring an existing system, the ETE model

will be applied at different times in the training requirement-to-implementation

cycle than the other models.
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TYPE OF CHANGE PROBABLE TRAINING SYSTEM RESPONSE

QUANTITATIVE CHANGE s REVAMP COURSE SCHEDULES, INCREASE CONVENING
FREQUENCIES AND CAPACITIES FOR SOME COURSES,
DECREASE OTHERS.

QUALITATIVE CHANGE

, .

s DESIGN AND IMPLEMENT NEW COURSES, ADJUST
SYSTEM RESOURCES TO ACCOMMODATE.

REDESIGN EXISTING COURSES TO APPLY DIFFERENT
INSTRUCTIONAL METHODS.

RESTRUCTURE SYSTEM. COMBINE COURSES, SHIFT
EMPHASIS, MOVE TRAINING TO SHIPBOARD OR
VICE VERSA.

FIGURE V-1 TRAINING SYSTEM RESPONSES TO GENERAL DEMANDS

Figure V-2 shows the probable level of application of each of the three models
in response to seven different system demand-response combinations. Four of

these combinations, and the corresponding application of the three models, will
be discussed in the following scenarios. The demand-response combinations to
be discussed are:

a. System As Is. Study to improve operation, but no change in instruc-

tion methods.

b. Course Offerings Unchanged But Move to ILS Methods.

c. New Equipment Requires New Courses.

d. NEOCS Type Structural Change.

STUDY TO IMPROVE EXISTING SYSTEM. As Figure V-2 indicates, the ETE model is
not applicable in this sTaiiffoh. This is because the number of ILS courses

is so low at the present time.

The first step in applying the models to this type of study is to determine
possible strategies for improving system throughput without increasing system

resources. Next, each of these strategies is reviewed to determine the degree
to which it can be carried out. Because the strategies can be tested without
disturbing the real system, it is reasonable to postulate both an ideal situa-
tion, in which the strategy can be stated without regard to real world con-
straints, and other "most likely" situations, in which the analyst attempts
to include 'Town conditions in estimating how far a strategy can reasonably
be carried.
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Each of these strategies is then tested using the SCRR model and the TPF moduli

The analyst hen determines the best comaination of feasibility and benefit

and translate4 these results into recommendations for change within the system,

or into requests for change in operations external to the system.

Figure V-3 is a detailed flow of the use of this method for a training system

such as FLETRACEN, NORVA. For purposes of this illustration, it was assumed

that the first resource to be studied was the instructor staff. The first

strategy listed represents an ideal situation in which all instructors can

teach all courses, so that an optimum class schedule can be derived without

being constrained by the availability of a particular type of instructor. The

second strategy is a "most likely" case of the instructor pooling strategy,

and the third is a different strategy for providing limited instructor pooling.

IMPLEMENTATION OF ILS METHODS. Unlike the previous example, the strategy here

is known; i.e., to implement ILS techniques for a set of existing courses. The

ETE model would come into play at two different stages in this situation.

First, it would be ..iseu to derive the desired ILS course configurations and to

assess the resources required to support the courses converted to ILS.

Second, with these desired ILS course specifications as the starting point, it

would be used to assess the impact on the training system of these ILS courses,

and assure that the system will perform satisfactorily and that the resources

exist to support ILS operation.

The steps in this sequerce are illustrated in Figure V-4. Each feedback loop

shown can represent several iterations of the process. The SCRR and TPF models,

again, act in complementary fashion, with the SCRR model determining optimum

resource allocation and the TPF model testing system throughput.

NEW EQUIPMENT REQUIRING NEW COURSES. Figure V-2 shows this situation providing

only a moderate level of use for the three models. The moderate usage level

is projected based on the assumption that only a limited number of new courses

will result from the introduction of a single new piece of equipment. The

introduction of one or two courses could be accomplished without the aid of the

models.

The primary purpose of this scenario is to show the time differential in model

application for certain kinds of courses. Where courses deal with specific

pieces of equipment, it is usually not practical to employ ILS techniques early

in the life of the equipment, when frequent engineering changes are being made.

For this scenario, it is assumed that the original course material is supplied,

in conventional classroom form, by the equipment vendor.

Figure V-5 shows the timeline applicaticn of the models. When the ILS version

of these equipment courses is developed, the steps followed will be the same as

those described in the previous scenario.

NEOCS TYPE STRUCTURAL CHANGE. SoMe of the recommendations contained in the

Naval Enlisted Occupational Classification Study (NEOCS) child result in malor

changes to the structure and role of training systems such as FLETRACEN NORVA. It

is impractical, lacking information on the strategies to be used in accomplish-

ing the goals set forth in the NEOCS report, to attempt to define all the ways

in which the DOTS models could be applied to so fundamental a restructuring of

the training system. A single objective and its implications will be considered
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here. Table V-1 lists some of the implications of the NEOCS objective to post-
pone heavy technical training until the second tour, and to increase fleet and
type training early in the first tour.

Since the Fleet Training Centers represent the on-shore training establishment
of the fleets, they are reasonable candidates to control the allocation of
shore-based and OBT to satisfy the requirement for increased fleet and type
training. OBT represents an excellent candidate for individualized instructionaltechniques. In fact, if a significant portion of any increase in fleet and type
training could employ individualized methods, the same instructional matter couldbe employed both ashore and on-board.

Therefore, for this scenario, it is assumed that COMTRALANT/PAC and their respec-tive FLETRACEN's nave been tasked Wth the establishment and control of fleet/
type training to be conducted jointly onboard and at the training centers.
Further, it is assumed that, where possible, this training will be individualized
and transferable between shipboard. and the FLETRACEN.

Although all the possible impacts of a task of this type cannot be foreseen,
some of the more basic steps are diagrammed in Figure V-6. The scenario is
based on a task approach in which all possible FLETRACEN and COMTRALANT/PAC re-
sources are applied on a maximum priority basis.
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POSTPONE HEAVY TECHNICAL TRAINING

CHANGE IN PROFILE OF STUDENTS ENTERING "C" SCHOOL AND

ESTABLISHMENT OF "E" SCHOOLS

INCREASED EMPHASIS ON OBT FOR FIRST TOUR

INCREASED FLEET AND TYPE TRAINING

SOME COULD BE CARRIED OUT ON BOARD

INCREASED LOAD ON FLETRACEN'S FOR NEW, GENERAL COURSES

TABLE V-1 IMPLICATIONS OF PROPOSED CHANGES IN TRAINING OCCURRENCES
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